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COPPER SULFATE METHOD FOR RAPID ESTIMATION 
OF WHOLE BLOOD REQUIREMENTS 

. JOSEPH C EDWARDS, MD* 

Instructor in Clinical Medicine, Washington University Medical School 
ST LOUIS 

^ I 'HIS report is based on a study of severely injured patients admitted 
to a large general hospital overseas Of these, 166 had orthopedic 
injunes of severe degree, 98 others were patients in wards for general 
surgery Hemoglobin, hematocrit and plasma protein values were 
measured before and after surgical treatment, which included particularly 
the use of large transfusions of whole blood and plasma The obser- 
vations indicate that (a) a simple method for measunng hemoconcen- 
tration and hemodilution by the copper sulfate speafic gravity technic 
IS of great clinical value, (&) large amounts of whole blood are needed 
m the treatment of the severely injured, (c) several interesting cor- 
relations exist between hematocrit values and changes m plasma protein 
m these cases 

MATERIAL STUDIED 

One hundred and sixty-six patients with severe orthopedic injuries 
were studied carefully, and for 91 of these detailed records of all 
fluids and blood transfusions were recorded Of these, 45 had bad 
fractures of femur, tibia and/or pelvis, 30 also had injuries of the upper 
extremity, 6 had fractures through the knee joint, all had some, and 
the majority had extensive, soft tissue wounds with infection, 4 had 
penetrating wounds of the chest cmd 1 had had a nephrectomy and 
an adrenalectomy on the nght side 

Opinions expressed herein are those of the author only, and do not repre- 
sent official views of the Medical Department of the United States Army 

* Lieutenant Colonel, Medical Corps, Army of the United States, inactive 
Formerly Medical Consultant to Surgical Service, 21st General Hospital , Chief, 
Cardiovascular Section 

Members of the Surgical Serruce of the 21st General Hospital rendered 
valuable assistance in the preparation of this paper Captain Orens helped in 
compiling some of the data 


1 



2 ARCHIVES OF SURGERY 

There were also 98 patients on the general surgical wards with 
soft tissue wounds of the extremity, the abdomen or the chest that 
required more blood or plasma than the remainder of the patients on 
general surgical wards These were selected from a total of 768 



Chart 1 — Line chart for calculating plasma proteins, hemoglobin and hemato- 
cnt \alues from gra\-ities of plasma and of blood (from Phillips, Van Slyke, 
Dole, Emerson, Hamilton and Archibald 


patients on the general surgical service for whom copper sulfate deter- 
minations of hematocrit I'alues, total proteins and hemoglobin were 
made during a period in the Italian campaign 
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Most of the patients had received emergency care and debndement 
at field or evacuation hospitals, a few, during the Anzio and Cassino 
offensives, were received directl}'- from battalion aid stations within 
four to eight hours after injur}-- In general, however, the penods 
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Chart 2 — Line chart for calculating- percentages of normal plasma proteins 
and hemoglobin from gravities of plasma and of blood (from Phillips, Van Sl>ke, 
Dole, Emerson, Hamilton and Archibald i) 


elapsing between injury and admission vaned from one to si\ty-one 
days, 27 per cent of the patients were recened \Mthm the first four days 
and 65 per cent within ten days of injurj- 
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METHODS 

The use of solutions of copper sulfate of varying but known specific gravities 
into which a drop of freshly drawn or oxalated whole blood is dropped from 
a needle enables one to calculate quickly and accurately from a line chart the 
hematocrit or hemoglobin values and from the plasma the total proteins of the 
sample,! A set of 4 ounce (120 cc.) bottles containing copper sulfate solutions the 
speafic gravities of which vary from 1 021 to 1 070 is prepared At the bedside or 
the operating table, a drop of venous blood may be dropped into the solubon 
directly from the syringe For whole blood the normal range of specific grav- 
ities IS around 1 056 to 1 063 for men and 1 052 to 1 060 for women For less 
urgent cases, heparinized or oxalafed whole blood may be used for determining 
specific gravities of whole blood and, after centrifugpng, the plasma may be 
dropped into the solutions to determine the specific gravity of the plasma 

The normal range of plasma for men and women is 1 028 to 1 024 Great 
care must be used in prepanng the solutions and m preparmg the oxalated tubes 
for collecting the blood samples, m order to have accurate results 

The blood is dropped from a needle or pipet from a height of 1 cm above 
the surface of the solutions The solution the specific gravity of which is 
identical with that of the blood or plasma used will cause the drop to hesitate 
toward the center of the solution for about ten seconds, then slowly descend to 
the bottom 

Determinations were made for all patients soon after admission and at fre- 
quent intervals thereafter, particularly during the course of plasma and whole 
blood transfusions For example, determinations were always made after two 
thirds of the estimated amount of blood required had been given, this enabled a 
reevaluation of the blood needs more accurately 

RESULTS 

The copper sulfate method was found to have the great advantage 
of simplicity It could be used at the bedside of the patient, m the 
operating room or in clinical laboratories The actual determination 
was usually made clinically at the bedside, but if large numbers of 
patients were involved the specimens were collected in oxalated bottles 
for determination m the laboratory 

Correlations — The results obtained by the copper sulfate method 
compare favorably with those obtained by photoelectric determination 
of hemoglobin, as is shown in table 1 There was also a good relation 

1 Phillips, R , Van Sljke, D D , Dole, V P , Emerson, K., Jr , 
Hamilton, P B and Archibald, R M The Copper Sulfate Method for 
Pleasuring Specific Gra\ities of Whole Blood and Plasma, Bull U S Army 
PI Dept, December 1943, no 71, p 66, New York, Josiah Pfacy, Jr Founda- 
tion, 1945, Chicago, E H Sargent and Co, 1946 

la E H Sargent and Company, 155 East Superior St, Chicago, are national 
distributors of the special copper sulfate ciy stals and standards needed for these 
estimations The solutions used in the studies reported here were made up in 
accordance ^\lth the instructions of Phillips and others! 
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between the specific gravity of the plasma and^Kjeldahl analyses for 
total proteins, as shown in table 2 The method was found to be 
accurate to plus or minus 0 1 Gm of protein per hundred cubic centi- 
meters of plasma with not over 0 3 Gm variation It did not appear 
that shock or other allied conditions affected the accuracy In normal 


Table 1 — Comparative Data on Hematocrit and Hemoglobin Values Obtained 

by Different Methods 


Specimen 

Hemo- 
globln * 

Hemo- 
globin t 

Hematocrit 

Value 

(Detarmlned)f 

Hematocrit 

Value 

(Calculated) 

Red Blood 

Cell Count 

1 

114 

HO 

870 

340 

8,030,000 

2 

120 

18 5 

380 

40 0 

4,010 000 

3 

12B 

13 4 

420 

389 

3 620 000 

4 

12B 

13 2 

400 

42.2 

6,260,000 

6 

12 5 

ISO 

370 

390 

4 230,000 

0 

11 1 

114 

350 

34 0 

3,980 000 

7 

ILO 

njs 

360 

33 0 

4 480,000 

8 

15 4 

14 0 

430 

390 

3 980 COO 

9 

127 

12B 

890 

370 

4,260 000 

10 

16 

13 8 

610 

49 0 

4 600 000 

11 

114 

IIB 

S3£ 

360 

8310,000 

12 

14 1 

132 

370 

39 5 

3,620 000 

IS 

14i 

13B 

460 

40 0 

3 960,000 

14 

12 J3 

128 

440 

380 

4,010,000 

16 

12 J) 

14 2 

440 

42B 

4 000,000 

16 

18B 

15B 

42 0 

46 5 

4 280,000 

17 

13.7 

12 7 

430 

87.6 

8,890,000 

18 

12.8 

12 7 

610 

51.6 

4,700,000 


* These values were obtained trom the photoelectric determinations of hemoglobin 
t These values w?re obtained by the copper sulfate method 

J Hematocrit values were determined by centrifuging (obtained from Chief of Laboratory 
Service, Lieut Col Harry Agrees) 


Table 2 — Determinations bv Copper Sulfate Method 


Healthy Normal Persons 



f 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

% 

Case 6 

Hematocrit value 

48 8 (determined 60J:) 

BOB 

650 

460 

600 

650 

Hemoglobin 

16 6 (photoelectric 16 B) 

17 0 

17J) 

16B 

163 

183 

Total plasma protein 

715 

68 

6B 

75 

715 

73 


and pathologic bloods m which hemoglobin concentration within the 
red cells is not affected, the hemoglobin content by the specific gravity 
of whole blood was found regularly to be within 2 per, cent of the 
correct value, as measured by the oxygen-carrying capacit), or plus 
or minus 0 3 Gm of hemoglobin per hundred cubic centimeters ^ The 
discrepanaes were greater m determination of hematocrit values than 
for hemoglobin, but the correlation between the two is illustrated m 
, table 1 This table also shows that red blood cell counts vary considerably 
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and proved to be a less accurate index of the concentration of red 
cells This seemed to be particularly true in patients who were in 
shock, espeaally if the count was made from blood taken from puncture 
of a finger rather than a vein 

The Amount of Blood Gwen — In calculating the amount of whole 
blood required by the patient who had sufifered severe hemorrhage, 
the basis was an empiric observation that the transfusion of 500 cc 
of whole blood increased the patient’s hemoglobin concentration b}- 
0 9 Gm The use of the copper sulfate method, particularly when it 


Table 3 — Initial Determinations on Admission of One Hundred and 
Sivfy-Six Orthopedic Battle Casualties 


Hemoglobin In Grams 
(Copper Sulfate Method) 
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20-29 

30-32 

83 35 

36-38 

39-41 

42-44 

45-47 

48-60 

61 


uas repeated after two thirds of the calculated amount had been given, 
enabled an accurate estimation of the amount of blood actually required 
In 91 surgical cases, mostly major orthopedic injuries with infected 
\\ounds, an average of 2,360 cc of whole blood w^as given dunng the 
four day preoperatne and two week postoperative penods This could 
be divided into an average of 1,060 cc before and 1,300 cc during and 
after operation The copper sulfate method and the rule of giving 500 cc 
of “w hole blood for every 0 9 Gm of hemoglobin below the normal 
1 5 Gm per hundred cubic centimeters was used m treating these patients 
Also 98 general surgical patients had copper sulfate determinations, 
and 93 of them recened an average of 1,470 cc of whole blood per 
patient The amounts ranged from 500 to 6,500 cc per patient In 
27 patients who had similar injunes without appreciable sepsis and 
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who did not require penicillin, an average of 1,800 cc of whole blood 
was given in the same penod, with but 200 cc of blood plasma needed 
There were 7 patients treated for various conditions with penicillin 
ivithout operation who received only 800 cc of whole blood and less 
than 1 unit of plasma per patient 

Fifty per cent (89) of 166 casualties had on admission to a general 
hospital hemoglobin values below 12 Gm despite numerous trans- 
fusions (table 3) 

One patient with a compound comminuted fracture of the upper 
tliird of the left femur and colostomy after an abdominal wound due 
to a shell fragment had a hematocrit value of 28 5, 9 6 Gm of hemo- 
globin and 6 13 Gm of total proteins the day of admission Despite 
a hter of blood, the values were not much different the next day A 
total of 8,150 cc of whole blood was given over a month’s time Rib 
resection for drainage of empyema and drainage of urine through a 
wound in the tlugh contributed to the need for whole blood It was only 
because of the use of a simple accurate method of estimation of blood 
reqmrements that it was possible to keep the protein and hemoglobin 
near normal without undue fluctuation 

Space does not permit a detailed account of the results of each 
day’s copper sulfate determination for these patients 

Two other patients were admitted with fractured femurs and multiple 
soft tissue wounds One looked much paler than the other, who did 
not appear to be anemic The hematocrit and hemoglobin values m tlie 
latter were reduced to about one-half normal, however, while the former 
had values only one-fourth below normal This and numerous other 
instances convinced us that the use of such a method not only enabled 
us to treat our patients more intelligently, but was a real help in assuring 
adequate nutrition to promote early wound healing and recovery Ammo 
acid solutions parenterally were used in a few cases of chronic disease, 
in addition to whole blood and plasma 

Reactions — In over two thousand transfusions in a two month 
period, tliere were only four reactions due to blood of the wrong type 
The transfusions were stopped before more than 50 to 100 cc had been 
given The blood ^^as returned to the laboratory and was found, after 
careful tests, to have been the wrong type (The transfusions caused 
no fatality and no apparent renal damage ) This emphasized tlie value 
of carefully watching the patient dunng the transfusion, especially dur- 
ing the first few minutes Two patients with severe wounds of tlie 
ilium and the abdomen died in uremia, present on admission The 
effects of blood hematin on the kidnej's was found m one, but there vas 
no record of any mismatched blood being given In the second, the 
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Rh factor was excluded The effect of sulfonamide drugs on the renal 
function was thought to be important from gross excmiination of the 
kidneys in these 2 cases, although no crystalline deposits were seen 
by the pathologist Further discussion of these problems may be 
found in the literature- Whetlier myohematin from muscle necrosis 
in large areas in the absence of a tourniquet was a factor is debatable 
There is a renal damage from it in crushing injuries ® 

A single measurement of the blood pressure is not a good indication 
of the degree of shock in borderline cases 

COMMENT 

The evidence herein presented clearly indicates that the copper 
sulfate method, when used on whole blood, seems to be just as accurate 
as hematocrit readings or measurements of hemoglobin concentrations 
or red blood cell counts In this way the degree of hemoconcentration 
which produces an increase in specific gravity as well as hemodilution 
which produces a decrease in specific gravity can be readily measured 
The method can be used readily at the bedside and seems to show, 
particulatly when repeated determinations were made, that the blood 
requirements of a patient with a definite but stabilized blood volume can 
be suffiaently accurately determined to be of practical clinical signifi- 
cance In using these measurements, it was assumed that 500 cc of 
whole blood will raise the patient’s hemoglobin concentration by 0 9 
Gm Actual measurements seem to j'ustify the use of this basic measure- 
ment and indeed seem to be more valuable than tlie use of a modified 
burn formula, which was also used Of obvious importance is the type 
of injury and m particular the question whether the hemoconcentration 
has occurred after loss of blood or the hemodilution after loss of 
plasma In either case a deceptively normal value will be obtained An 
important factor was the use of many determinations which changed 
with the A'arying clinical conditions and with therapy A single copper 
sulfate determination was therefore of little value 

Adams and Ballou * found that m 55 of 128 cases, or 44 per cent, 
the differences between the total protein values by the copper sulfate 

2 (o) McKee, F W , Laycock, C F , Martens, T G , and Nicholl, R. J 

Hemorrhagic Shock The Relative Effect of Saline, Washed Red Cells, and 
Heparinized Plasma in Dogs, Surg, Gynec & Obst 78 509 (May) 1944 (b) 

Allen, J G , Clark, D E , Thornton, T F, Jr, and Adams, W E, The 
Transfusion of Massive Volumes of Citrated Whole Blood and Plasma in Man 
Clinical Evidence of Its Safety, Surgery 15 824 (May) 1944 

3 Bjwaters, E G L Ischemic Muscle Necrosis, JAMA 124 1103 
(April IS) 1944 

4 Adams, M A^ and Ballou, AN A Comparison Between the Values 
for Plasma or Serum Protein as Obtained by the Specific Gravity and the Micro- 
Kjeldahl Methods, J Lab S. Clin Med 31 507 (Maj) 1946 
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and the micro-Kjeldahl methods did not exceed 0 3 Gm per hundred 
units of serum This percentage was slightly lower when the albumin 
was less than normal or the globulin above normal They used serum 
instead of plasma for total protein determinations by the copper sulfate 
method, the routine measurement of the given amount of blood from 
a synnge by various persons is not accurate m the oxalate method 
Atchley and his co-workers ^ found a much greater degree of accuracy 
than Ballou by the copper sulfate method as compared to the micro- 
Kjeldahl method for total proteins 

These possible cnticisms of the method are offset by its accuracy 
for hemoglobin-hematocrit determinations In our hands there was- 
sufficient accuracy for total protein determinations to be of definite clinical 
value 


Table 4 — Initial Copper Sulfate Determination for Battle Casualties on Surgical 
Wards,* Total Proteins, Grams Per Hundred Cubic Centimeters 






Total Proteins, Gm 

per 100 Cc 



Hematocrit Value 

4 O-o 0 

5 0-6A 

66-60 

61-6 6 

6 6-6 7 

7176 

7 6-8 0 

81-8 6 

Totai 

16 

20 

0 

0 

1 

0 

0 

0 

0 

0 

1 

21 

29 

3 

2 

8 

6 

3 

0 

0 

0 

22 

30 

82 

0 

0 

8 

7 

1 

1 

0 

0 

17 

S3 

86 

0 

2 

2 

13 

2 

2 

1 

1 

23 

87 

89 

0 

0 

2 

6 

1 

1 

0 

0 

9 

40 

42 

0 

0 

0 

7 

2 

1 

0 

0 

10 

43 

45 

0 

1 

1 

8 

4 

2 

0 

0 

U 

46 

48 

0 

1 

0 

0 

1 

I 

0 

0 

s 

49 

61 

0 

0 

0 

0 

1 

0 

0 

0 

1 

61 

60 

0 

0 

0 

0 

0 

1 

0 

0 

1 

Total 

3 

6 

22 

41 

16 

9 

1 

1 

98 


* This table was prepared by Pvt J F Bums, from data from laboratory flies oC 
Lieut Col Harry Agrees 


Normal values were not infrequently found initially m patients with 
severe wounds and a history of hemorrhage This paradox is obviously 
due to hemoconcentration Should this normal determination be taken 
at Its face value, serious difficulty will ensue because the additional loss 
of a few hundred cubic centimeters of blood, espeaally with the added 
trauma of operation, may be enough to cause the patient to go into 
shock® (table 4) Clearly, therefore, the history of a case is just as 
important as the laboratory values Otherwise, the discrepancy can 

5 Atchley, J , Bacon, R , Curran, G, and David, K A Clinical Evalu- 
ation of the Copper Sulfate Method of Measuring Specific Graiities of Whole 
Blood and Plasma, J Lab & Chn Med- 30 830 (OcL) 1945 

6 Lions, C Penicillin Therapv of Surgical InfecUons in the U S Armv, 
J A M A 123 1007 (Dec 18) 1943 Ei-ans, E I , James, G W, III and 
Hoover, M J Studies on Traumatic Shock II The Restoration of Blood 
Volume in Traumatic Shock, Surgerj 15 420 (March) 1944 
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only be detected by blood volume determinations Measurements have 
been made ’’ on patients soon after injury and have shown that the blood 
volume IS 30 to 40 per cent below normal with clinical manifestations 

Table S — Initial Copper Sulfate Determination for Battle Casualties m All 

Smgical Wards 





Total Protein, Gm 

A 

per 100 Oc 



Hematocrit 

Value 

66^0 

6165 

6 6-7 0 

7176 

76-80 

Total 

Percentage 

23 29 

86 

65 

12 

8 

2 

163 

2112 

30 22 

83 

82 

7 

1 

0 

73 

95 

33 35 

31 

89 

26 

9 

2 

107 

14 0 

36 33 

24 

01 

23 

24 

8 

135 

17 5 

39 41 

16 

40 

42 

16 

7 

120 

166 

42 44 

6 

29 

85 

26 

3 

93 

127 

45 47 

4 

11 

21 

15 

3 

64 

70 

48 60 

0 

4 

3 

8 

1 

11 

14 

60 00 

0 

0 

3 

2 

2 

7 

09 

Total 

199 

271 

172 

103 

23 

763 


Percentage 

20 

85 

224 

134 

3 




Table 6 — Deternmatious 

of Total Proteins* 

(Heparinized Samples) 

Specific Gravity, 

Biuret Method 

Difference 

Copper Sulfate 

Checked with Micro 

Between the 

Method 

EJeldahl Method 

Methods 

74 

70 

04 

0.8 

68 

00 

69 

80 

01 

6.8 

67 

01 

0.3 

66 

08 

64 

03 

01 

8J2 

88 

00 

57 

58 

01 

66 

67 

02 

74 

77 

08 

76 

76 

OJ. 


Hepnrlnlzed blood gave consistently higher values than ovalated blood for total proteins 
and hematocrit values lor the same sample of blood In the same laboratory Oxalate bottles 
Tvltu average amounts of oxalate such as are prepared routinely In most hospitals may 
cause a decrease In plasma specific gravity unless the kind and amount of oxalate and 
amoimt of blood added are carefully controlled 

• Obtained vlth the help of Dr Robert King 

of shock following skeletal trauma and/or hemorrhage It was also 
found that on the average 1 5 to 2 liters of blood was required for 
replacement The conditions responsible for hemoconcentration and 

7 Noble, R. P, and Gregerson, M I Blood Volume in Clinical Shock, 
II The Extent and Cause of Blood Volume Reduction in Traumatic, Hemor- 
rhagic, and Bum Shock, J Clin Iniestigation 25 172 (Alarch) 1946 
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hemodilution must be carefully differentiated on a clinical basis ® In 
most skeletal trauma with simple hemorrhage, the loss of blood is 
assoaated with hemodilution (table 5) On the other hand, in bums 
and abdominal injuries with peritonitis, selected loss of plasma occurs 
at the site of injury or infection and the ensuing reduction m blood 
volume is attended by hemoconcentration ~ In addition, however, there 
IS probably some other factor than local loss of fluid, particularly m the 
case of so-called tourniquet or crush syndrome ® 

In the care of these patients, the value of a roving consultant 
tramed in the intricacies of preoperative and postoperative care proved 
of great value for patients during critical phases of treatment Entirely 
apart from the use of blood and plasma the nutritional intake was found 
to be extremely important, and measures were taken to insure an 
Intake of at least 70 Gm of protein daily, and from 120 to 140 Gm 
of proteins daily m many patients, in order to prevent depletion of 
protqm reserves during convalescence 

Dunng these observations no evidence of toxic effects from the 
use of citrated blood was observed In dogs, the toxic dose was found 
to be 0 3 Gm per kilogram of body weight when given m fifteen 
minutes .or less Most of our patients got 0 1 to 0 3 Gm per kilogram 
in two or more hours, inasmuch as each 500 cc flask of blood contains 
70 cc of 2 5 per cent sodium atrate solution . 

SUMMARY 

This report is based on a study of 166 patients admitted to a general 
hospital overseas for whom a simple, accurate copper sulfate specific 
gravity method was used to determine hemoglobin and hematocrit values 
as well as concentration of total proteins The values obtained were 
found to check closely witli determinations obtained by more orthodox 
methods Blood needs could be readily calculated on a basis that 500 cc 
of whole blood increased tlie hemoglobin 0 9 Gm Fluid balance must 
be restored and dehydration corrected before this rule of thumb can 
be applied literally 

An average of 2,360 cc of whole blood was required during a four 
day preoperative and a two week postoperative period In 98 cases of 

8 Elman, R , Lischer, C E, and Davei, H W Plasma Proteins (Albumin 
and Globulm) and Red Cell Volume Following a Single Se\ere Non-Fatal 
Hemorrhage, Am J Phjsiol 138 569 (March) 1943 

9 Scott, C C Failure of Local Fluid Loss to Account for Death in 
Experimental Shock, J Qin Investigation 25 153 (March) 1946 

10 Nutritional Aspects of Convalescent Cases Report of Committee on 
Convalescence and Rehabilitation of the National Research Council Bull U S 
Armv M Dept , !Ma> 1944, no 76, p 85 
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less severe disease an average of 1,470 cc of whole blood was required 
per patient dunng a similar period 

When admitted to the hospital, half of all patients had hemoglobin 
values below 12 Gm and total proteins below 6 6 Gm , and 69 per cent 
of the patients had hematocrit readings below 40 Changes in these 
values, particularly before and after therapy, proved of even greater 
value than the initial measurement 

The copper sulfate specific gravity method of determining hemo- 
globin, hematocrit and total proteins with the use of a line chart proved 
to be simple, yet accurate enough for clinical use 

Robert Elman, M D , gave helpful criticism during the final writing of 
this paper 

Note. — In normal and miscellaneous medical patients, Dr R A Phillips and 
others, comparing the gravities with plasma proteins estimated by exact macro- 
Kjeldahl analyses, have shown statistically that the most precise results for such 
plasmas are calculated by the equation P=389 6 (G^ — 10079) This gpves 
plasma protein concentrations about 02 Gm per hundred cubic centimeters 
higher than the equation used previously and the line charts 1 and 2 



TOTAL GASTRECTOMY 


HENRr K RANSOM, MD 

ANN ARBOR, MICH 

TJY DEFINITION total gastrectomy IS the removal of the entire 
stomach along with a cuff of esophagus, above, and of duodenum, 
below Such an operation has now become accepted as a recognized 
surgical procedure for the treatment of certain lesions of the stomach 
which cannot be dealt with adequately by partial or subtotal gastrectomy 
The lesions which most often require complete gastrectomy are those 
carcinomas or IjTnphosarcomas which inwlve the greater part of the 
stomach From the techmcal standpoint the small “leather bottle” 
stomach, or linitis plastica, due to a diffuse infiltrating sarrhous 
caranoma, has generally been regarded as the t3q>e best suited to this 
operation In addition, smaller malignant neoplasms situated in the 
upper half or upper third of the stomach are best treated by total 
gastrectomy Large neurofibromas or leiomyomas with or without 
sarcomatous degeneration which extend into the upper portion of the 
stomach are particularly favorable for cure, since, m spite of their large 
size, these tumors are either benign or of a low grade of malignancy 
Juxtaesophageal gastnc ulcer, if dealt with by gastnc resection by the 
abdominal route, is best managed by complete gastrectomy, since con- 
servation of the lower portion of the stomach is unnecessary, and 
probably undesirable, and adds considerably to the difficulties of 
a satisfactory reconstruction 

As experience with total gastrectomy in many surgical clinics has 
increased the technical details of the procedure have become fairly 
well standardized This, with the many advances in preoperative and 
postoperative care which have been made dunng recent years and 
the many suitable methods of anesthesia now' available, has resulted in 
a reduction of the operative mortality to a level whicli, w’hile still 
disturbingly high, is nevertheless not prohibitive I\Ioreover, suffiaent 
follow-up studies have been made on patients who have survived the 
operation to indicate that a person may live a reasonably normal and 
comfortable life in the complete absence of the stomach 

From the Department of Surgerj', UmAcrsitj of Michigan 
Read at the Fiftj -Fourth Annual Meeting of the Western Surgical Association, 
Memphis, Tenn, Dec 6, 1946 
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In an exhaustne review of the literature m 1929, Finney and 
Rienhoff ^ collected 62 cases of total gastrectomy and added 5 of their 
own There ere 36 operative deaths in these 67 cases, or an operative 
mortality of 53 8 per cent The longest period of survival after 
operation in this senes was four years and eight months In 1938 
Allen - reported 16 cases of total gastrefctomy from tlie Massachusetts 
General Hospital and emphasized certain technical details which he 
considered important for the success of the operation These were, 
(1) restoration of gastrointestinal continuity by esophagojejunostomy 
rather than an attempt at esophagoduodenostomj , (2) attachment 
to the diaphragm of the loop of the upper portion of the jejunum used 
in the anastamosis in order to prevent strain on the suture hne, (3) 
enteroenterostomy between the afferent and the efferent limb of the 
jejunal loop, (4) catheter jejunostomy for feeding during the early 
postoperative period, and (5) maintenance of suction from within the 
esophagus during the time that this structure is open by means of a 
Levine tube connected with the Wangensteen suction apparatus 
His operative mortality was 50 per cent The longest period of sur- 
vival following operation was four and one-half years In a recent 
communication Allen® (1946) presented data on the entire senes of 
total gastrectomies for cancer performed at the same hospital There 
were 84 cases, in 30 of wFich operation was performed by the trans- 
thoraac route The over-all mortality rate for the entire senes was 
40 per cent One patient had survived ten and a half years, and another 
five and a half ) ears, without signs of recurrence Lahey and assoaates,* 
in several articles on this subject, emphasized certain technical details, 
notable among wdiich w^as the development of antenor and postenor 
peritoneal flaps from the diaphragm to be sutured over the anastomosis 
on its completion, thereby minimizing the danger of leakage and reducing 
tension Lahey stated that he invariably employs an antecolic esophago- 
jejunal anastomosis In his most recent paper (1946) ® he reported 
89 cases, w ith 26 deaths, an operative mortality of 29 2 per cent, 

1 Finnej, J M T, and Rienhoff, W F, Jr Gastrectom\, Tr South 
S A 40 424, 1927 

2 Allen, A W (a) Carcinoma of the Stomach, with Special Reference to 
Total Gastrectomi, Ann Surg 107 770, 1938, {b) Total Gastrectomy for Carci- 
noma of the Stomach, Am J Surg 40 35, 1938 

3 Allen, A W Personal communication to the author, November 1946 

4 Lahev , F H Complete Removal of the Stomach for Malignancy Report 
of Five Surgicalb Successful Cases, Surg, Gynec & Obst 67 212, 1938 Lahej, 
F H , and Marshall, S F Combining Splenectomy with Total Gastrectomy 
ibid 73 341, 1941 , Indications for, and Experiences with, Total Gastrectomy, 
Eased upon Sev entv -Three Cases of Total Gastrectomv, Ann Surg 119 300, 
1944 

5 Lahev, F H Gastric Surgerv, New England J }iled 234 809, 1946 
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although during the last three and one-half years the mortality had 
fallen to 16 3 per cent His oldest living patient was alive and well 
eight years and seven months after operation, the procedure having 
been performed for a large leiomyosarcoma involving all the stomach 
His follow-up studies indicate that of the patients who survive the 
operation 59 7 per cent will live twelve months, 38 6 per cent eighteen 
months, 29 8 per cent twenty-four months and 211 per cent -thirty-six 
months or more 

Jones and Kehm ® (1945) reported 8 consecutive cases of total 
gastrectomy, with no deaths These patients were all living from six 
to eighteen months after the operation In 1943 Pack and McNeer " 
reviewed all the cases reported m the literature up to July 1, 1942 
and added 20 of their own In tliese 20 cases there were 6 deaths, or 
an operative mortality of 30 per cent In considering the total number 
of 303 cases assembled, it was observed that pnor to 1921 the mortality 
was 49 3 per cent, whereas from 1921 to 1930 it was 316 per cent 
and from 1931 to 1942 it was 34 3 per cent In their own group of 
patients, 1 was alive and well two years and eight months after operation 
Horsley® (1943) reported successful results in 3 consecutive cases of 
complete gastrectomy Pnor to this he had performed the operation 
in 12 cases with a fatal outcome in all Graham,® having had unsatis- 
factory results with the usual methods of esophagojej unostomy m his 
earlier experience, descnbed an ingenious method of enclosing tire 
anastomosis between the afferent and the efferent jejunal limb which 
had given good results in his hands This technic has since been adopted 
by many surgeons 

MATERIAL 

Dunng the nine year period from October 1937 to October 1946, 
complete gastnc resection was performed by the abdominal route m 
60 cases The gastric lesions for which the procedure was earned 
out are listed in table 1 Of the 60 patients, 41 were men and 19 women 
The oldest patient in the senes was 81 and the youngest 30 years of 
age, the average age being 55 years 

6 Jones, T E, and Kehm, R. W Total Gastrectom\ Report of Eight 
Cases, Surg , Gj nec & Obst 80 534, 1945 

7 Pack, G T , and McNeer, G Total Gastrcctomj for Cancer A Col- 
lective Renew of the Literature and an Original Report of T\\ent\ Cases, Inter- 
nat Abstr Surg 77 265, 1943 , in Surg , Gynec & Obst, October 1943 

8 Horsley, J S Three Successful Cases of Total Gastrectomj, Virginia 
M Monthly 70 549, 1943 

9 Graham, R R Technique for Total Gastrectomj, Surgeo 8 257, 1940 
10 Since the completion of this paper, total gastrectomies ha\e been success 

fulh performed for cancer in 2 additional cases 
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Carcinoma — As m all the previously reported senes, carcinoma 
pronded the most common indication for the operation, and it was for 
this lesion that the procedure was performed m 53 of the cases In 
the expenence of my associates and myself, three types of lesions have 
been encountered which have required r«noval of the entire stomach 

(fig 1) 

(a) Lesions which involve all, or nearly all, of the stomach 
This group includes both the small “leather bottle” stomach, due to 
infiltrating scirrhous carcinoma, and the large adenocarcinomas, which 
m some instances may have invaded the greater part of the gastnc 
wall and still have not extended grossly beyond the stomach except 
for involvement of the regional lymph nodes along the two curvatures 

(fig 2) 

{b) Smaller lesions situated high on either curvature or on the 
anterior or postenor wall m such a manner as to make adequate resection 
impossible except by removal of the lower end of the esophagus (fig 3) 


Table 1 — Lesions of the Stomach for Which Total Gastrectomy Was Performed 

on Sixty Patients 


XeBlon 

No of 
Tatlenta 

No of 

Operative Deaths 

Mortality, 
per Cent 

Oarclnoma 

6S 

12 

220 

Gastric nicer 

i 

1 

25 

Lympbosarcoma 

2 

1 

60 

Neurofibroma 

1 

0 

0 

Total 

60 

14 

233 


(c) Sessile or polypoid lesions occurring m the lower or middle 
portion of the stomach but with indefinite intramural extension cephalad, 
as evidenced by thickening and friabihty of the gastnc wall proximal 
to the lesion On some occasions this proximal involvement was detected 
only when the stomach was transected for a proposed subtotal reseebon 
In doubtful cases speamens taken at tins level for microscopic exami- 
nabon of frozen seebons will usually clanfy the situation 

The operabve mortality in this group of 53 cases was 22 6 per cent 
Lymphosarcoma — ^The problems presented by lymphosarcoma of 
the stomach are essenbally the same as those of carcinoma This 
lesion, while of relatively rare occurrence, requires the same radical 
treatment There were 2 cases of this tumor m the present senes In 
1 case the growth involved the entire stomach and had extended into the 
pancreas, and the regional lymph nodes were extensively involved 
In view of this fact, a course of irradiation was given after operabon, 
but the pabent died exactly six months later as a result of generahzed 
lymphoblastomatosis In the second case the lesion was confined to the 
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upper half of the stomach and there was involvement of some of the 
regional lymph nodes This patient died on the third postoperative 
day Autopsy revealed that death was caused by general pentonitis, 
due to partial separation of the esophagojejunal anastomosis Ljanph 



Fig 1 — Diagram showing extent of involvement of the stomach by malignant 
lesions treated by total gastrectomy, 55 cases A, lesions involving all, or nearly 
all, of the stomach, 36 cases , B, smaller lesions situated in the upper half of the 
stomach, 11 cases, C, lesions in the lower portion of the stomach with indefinite 
extension upward, due to intramural spread, 8 cases 



Fig 2 — A, t 3 T)ical roentgenologic appearance of diffusely infiltrating scirrhous 
carcinoma of the stomach (limbs plasUca), showing a small, tubular stomach 
Fluoroscopic study showed that the stomach emptied rapidlj In serial roent- 
genograms there was no CMdence of peristaltic %vaves 

B, roentgenogram made four months after operation, show mg partial obstruc- 
tion at the site of the esophagojejunal anastomosis A second operaUon reiealed 
this to be due to extensive recurrence of the neoplasm 


nodes m the mesentery were observ'ed to contain foci of Ivmphosarcoma, 
indicating the desirability of postoperative irradiation m all cases of 
this neoplasm 
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Benign Tinnorj— There was only 1 case of total gastrectomy for 
benign gastric tumor in tins series This case was that of a woman 
aged 40 who in June 1938 had a total gastrectomy for a large hourglass 
neurofibroma involving the entire lesser curvature of the stomach She 
is living and in a good" state of nutrition at tlie present time, eight years 
and four months after the operation Metabolic studies made four 
years after operation have been reported in detail Since that pub- 



Fig 3 — Preoperatue roentgenogram showing extensive involvement of the 
upper half of the stomach by carcinoma The lesion was situated chiefly along 
the greater curvature and the posterior wall This patient is in excellent health, 
eight years after total gastrectomy 

hcation the patient has been carefully followed, and no important changes 
hay e been noted 

Gastric Ulcer — In 4 cases a chronic benign gastnc ulcer was treated 
by total gastrectomy In all cases there yvas an ulcer high on the lesser 
cun^ature or the postenor wall, and the lesion had originally been 

Farris, J M , Ransom, H K, and Coller, F A Total Gastrectomy 
Effects upon Nutrition and Hematopoiesis, Surgery 13 823, 1943 
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diagnosed as benign on the basis of roentgenographic and gastroscopic 
studies (fig 4) Intensive medical treatment over a prolonged period 
failed to result in healing, and its malignancy was accordingl}' suspected 
At the time of operation, the lesions were obseri^ed to be penetrating 
ulcers, and their malignant character could not be excluded Since 
gastric resection seemed mandatory in view of the high position of the 
lesion total gastrectomy was elected There was 1 fatality in this group 
The final microscopic studies showed that all the lesions were benign 
In view of this mortality of 25 per cent, it would seem that complete 
gastrectomy is probably not the best procedure for such a juxtaeso- 
phageal ulcer On the other hand, palliative gastrectomy, as recom- 
mended by Colp,^- leaves a possibly malignant lesion in situ, as would 
also simple gastroenterostomy or transthoracic vagotom> Possibly, 
local excision of the ulcer combined with gastroenterostomy or trans- 



Fig 4 — Benign juxtaesophageal gastric ulcers treated by total gastrectomj, 
4 cases 

thoracic resection of the upper portion of the stomach u ith its contained 
ulcer, according to the suggestion of Sweet,^® would be superior and safer 

TECHNICAL CONSIDERATIONS 

Prchimnary Preparation — Since most patients with gastric lesions evince signs 
of serious nutritional disorders, ivith dehjdration, anemia and aMtaminosis, a fairlj 
long period of preparation is necessarj for their rehabilitation Blood transfusions 
are used freelj, and ascorbic acid and ntamin B complex are administered in 
large quantities Vitamin K is added if there is a prothrombin deficiencj Par- 
ticular attention to oral hygiene is important, since contamination of the operate e 
field by oral secretions ineMtablv occurs to some degree, inasmuch as an aseptic 
tjpc of anastomosis between the esophagus and the jejunum is not feasible \ 
preliminary' course of sulfadiazine or peniallin for a few da^s prior to operation 
probabh affords addiUonal protection Care should be exercised in minimizing 
the amount of preoperatv\e sedation The patient comes to the operating room 
with an indwelling Le\ine tube in the stomach, and this is attached to the 

12 Colp, R, and Druckerman, L. J Palliatne Gastrcctom\ in Selected Cases 
of Gastric Ulcer, 'Vnn Surg 124 675 1946 

13 Sweet. R H , in discussion on Colp and Druckerman 
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Wangensteen suction apparatus so that suction can be maintained during the 
operative procedure. A needle is placed in an arm vein before the operation 
IS started so that the p'roper fluids may be given continuously 

Awsthesta—Good relaxation is essential in providing satisfactory exposure 
and in mimmizmg the difficulties of the esophagojejunal anastomosis Spinal 
anesthesia was used in a number of cases, with satisfactory results However, 
unless some type of continuous spinal anesthesia is used, m view of the long 
duration of the operation, it will ordinarily be necessary to resort to inhalation 
anesthesia for the latter part of the procedure Endotracheal anesthesia induced 
with a mtrous oxide-oxygen-ether mixture has been found entirely adequate, and 
more recently endotracheal cyclopropane anesthesia aided bv curare has proved 
satisfactory 



Incision — An upper abdominal, slightly curved, transverse incision which 
transects both rectus muscles is now employed for practically all gastric operations 
m this clinic. Such an incision affords adequate exposure for total gastrectomy m 
many cases If additional room is required, a vertical extension is added, the 
masion passing upward through the Imea alba to the ensiform process (fig S) 
Closure, except for the peritoneum, is made wth nonabsorbable suture material, 
stainless steel wire or silk being preferred Wound infections have occurred 
somewhat more frequently with this than with the usual type of abdominal 
operation In 1 instance a severe wound infection occurred and resulted in a larg« 
incisional hernia, which required surgical repair several months later It is now 
deemed advisable to employ the method of delayed pnmSry closure of the wound 
(Coller and Valk m most cases 

14 Coller, F A , and Valk, W L The Delayed Closure of Contaminated 
Wounds, Ann Surg 112 256, 1940 
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Operative Procedure — In 57 cases the operative technic described by Allen was 
followed 2 b (fig 6) In this operation a retrocolic anastomosis is preferred when- 
ever possible, and it was employed in 52 cases in this senes Antecolic anastomosis 
was used in only 5 cases, in each of which certain anatomic pecuharibes made the 
posterior connection impracticable. Whether an enteroenterostomy between the 
afferent and the efferent jejunal limb is essential is problematic The anastomosis 
was performed m 30 cases and omitted in 27 cases Little difference was noted 
in the convalescence and subsequent postoperative course in these two groups of 
patients In a few cases in which no enteroenterostomy was performed and in 
which regurgitation or difficulty in eating persisted or occurred later, an adequate 
explanation was invariably found m other lesions, such as recurrent neoplasm or 
subphrenic abscess The theoretic advantages of an enteroenterostomy, which 
have been mentioned, are the reduction m tension in the proximal jejunal loop 
during comalescence, which may safeguard the mam anastomosis and the closed 



Fig 6 — Diagrammatic sketch showing operation completed (redrawn from 
Allen *^) 

duodenal stump, ^ and the prevention of duodenal contents from entering the 
esophagus, a possible source of annojing pjrosis 

The method of reconstruction following remo\al of the stomach advocated 
by Graham was employed m only 3 cases Graham recommended use of an 
antecolic anastomosis, and the enteroenterostomj in this operation is mandatory 
In 2 cases the postoperative course was entireh smooth and une\entful, w'hcreas 
in the third case, that of resection for ulcer, the patient died on the seventh post- 
operative daj Autopsy disclosed that death was due to %ol\-ulus of the proximal 
jejunal limb, with gangrene and multiple points of perforation and resultant 
general peritonitis Horslej reported a similar accident and now adiises anchonng 
the proximal limb of the jejunum to the duodenum 

A catheter jejunostomj for early postoperatne feeding was emploicd in 49 
cases and omitted in 11 cases This simple expedient, in our opinion, is dis- 
tinctlj worth while. It requires onh a few additional minutes at the time of 
operation for its establishment, and it simplifies the postoperatne care in all cases 
If complications at the esophageal anastomosis, such as obstruction or leakage, 
occur. It IS of inestimable \-alue. In a few instances in which a jejunostom\ was 
not performed at the time of operation it became necessar^ to establish one as a 
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secondary operaUon No difficultj has been encountered with persistent fi: 
intestinal obstruction at the je)unostotny site 

Splenectomj often facilitates the operative procedure by improving the e> 
For this reason it is often performed, and it is also indicated when t 
involvement bi neoplasm of the spleen or the lymph nodes at the hilu 
additional indication for splenectomy is the troublesome bleeding occa: 
encountered omng to laceration of the capsule or tearing of the organ 
reticallj , splenectomy is to be avoided, since the danger of postoperative thn 
IS increased In this series it was performed in 24 cases, whereas it was u 
sary in the remaining 36 cases In the cases in which the spleen was remc 
complications were noted which could be attributed to this procedure. 

As the esophagojejunal anastomosis is completed, the Levine tube is 
down into the distal jejunal loop, and the Wangensteen suction is continue 
the operation It is believed that the aspiration of fluid minimizes tension 
suture line, and the splinting effect of the tube is probably desirable. T1 
is now removed on the third or fourth day, as its prolonged use may 
ulceration or necrosis at the suture line, as well as involving danger of i 
of the cncoid cartilage. No attempt is made to give liquids or feeding 1 
the tube, although the occasional mstillation of a small amount of fluid i 
desirable in order to make certain that the tube has not become plugged 
openings caught m mucosal folds 

My colleagues and I have discontinued almost entirely the local use 
sulfonamide drugs in the peritoneal cavity Preferable to this, we behev 
massne dose (80,000 to 100,000 units) of penicillin administered intraveno 
the conclusion of the operation Penicillin is continued in a dose of 40,00 
every three hours for several davs after operation, or longer if indicat 
transfusion of at least 1,000 cc of blood is given during the course of the opi 
and additional blood is given during the postoperative period if necessary 

PATHOLOGIC STUDY 

In the group of cases here reported total gastrectomy was ordi 
elected only when at the time of opefation there seemed to be a r 
able chance for cure In most cases, therefore, the problem was i 
that of the local lesion and the involved regional lymph node: 
none of the cases were there recognizable hepatic metastases, a 
only a few cases w'ere there small secondary deposits of tumor at 
points in the abdominal cavit}' Thus, the operation was not freq 
employed as a definitely palliative procedure, since the present mo 
rate would scarcely justify it Subsequent events, however, have d 
strated that the operation was actually a palliative one in tire ma 
of cases, as evidenced by the fact that 31 of the 42 patients witli mab 
disease who sunnved the operation have subsequently died 
instances death was due to recurrence, as far as can be ascert 
IMicroscopic stud) of the specimens removed at operation dis 
se\ eral points of interest Involvement of the regional lymph 
was noted in both the cases of lymphosarcoma and m 36 of 46 
of carcinoma in which a sufficiently careful study was made 
addition to examination of the usual sections taken from the 
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neoplasm, special studies were made of tissue taken from both the 
upper and the lower end of the operative specimen in 44 cases of 
caranoma It was disappointing to note that submucosal infiltration 
by neoplasm was present m the esophageal end up to the line of tran- 
section m 21 cases whereas similar involvement of the duodenal end 
was noted in 13 instances (table 2) These data would indicate that 

Table 2 — Microscopic Observations m Cases of Caranoma of Stomach 
Removed by Total Gastrectomy 


Ends of specimen (44 cases) No of Cases 

Part of stomach * 

Upper +, lower — 14 

Upper— lower + 6 

Both ends — 17 

Both ends + 7 

Involvement of regional lymph nodes (4(5 cases) 

Malignant tissue present SG 

Nonmalignant tissue 10 


* The plus sign Indicates neoplastic Infiltration the minus sign, absence of neoplastic 
Infiltration 


Table 3 — Causes of Death* After Total Gastrectomy for Malignant Grouths 


Cause of Death No of Cases 

With Autopsy (12 Cases) 

Peritonitis Oeak at csophagojejunal anastomosis) 7 

Peritonitis (no leaks) 2 

Pulmonary embolism and pneumonia 1 

Subphrenic abscess 3 

Volvulus of proximal jejunal loop (Graham operation) 1 

Without Autopsy (2 Cases) 

Peritonitis Ceakage at an csophagojejunal anastomosis) 1 

Pneumonia 1 


• The operative deaths numbered 14, with a mortality rate of 232 per cent 


a high rate of recurrence was to be expected, and such proved to be 
the case In view of these obsen'ations, it is possible that total gas- 
trectomy by the transthoracic route may m the future prove to be a 
superior type of procedure, since a longer segment of esophagus can 
be included in the resection 

OPERAXn'E DEATHS 

There were 14 operatn e deaths, or a mortalit} of 23 3 per cent Post- 
mortem examinations were made in 12 of these cases (tabled) The 
most frequent causes of death ^^as general peritonitis, as it was demon- 
strated m 10 instances, and there was commcing clinical exidence that 
It was responsible for the fatal outcome in 1 of the cases in which 
autopsv was not perfonned The most frequent source of the pentoniti> 
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was leakage at the esophagojejunal anast 
in 7 of the cases in which autopsy was d' 
pentonitis all the suture lines were observ 
as previously mentioned, the pentonitis occ 
and gangrene of the proximal jejunal looj 
of reconstruction In 1 case death occurr 
after operation and was due to bilateral 
complication undoubtedly was due to a sl» 
It was gratifying to note that pulmonary 
the death of only 2 patients 

Autopsy studies m the 11 cases of de 
malignant growths provide certain interes 
case of lymphosarcoma residual foci of 1} 
m the mesentenc lymph nodes and this 
postoperative irradiation in all cases of 
of the remaining 10 cases in which the 
for cancer was there demonstrable eviden 
autopsy In 1 case residual metastatic < 
the abdominal periaortic, penpancreatic ai 
as well as m one ovary In the second ca 
present in the penpancreatic adipose tissue 

POSTOPERATIVE COt 

Early Part of Course — Barnng cases 
developed, the postoperative course in me 
extraordinarily smooth and uneventful 
wound sepsis occurred more frequently 1 
subtotal gastrectomy Fortunately, it was 
In 1 case a left subphrenic abscess devel 
drainage Senous pulmonary comphcatic 
I attnbute to early recognition of postopera 
treatment by suction bronchoscopy or ml 
as recommended by Haight and me Fre 
the operative procedure, bronchoscopic as; 
the operating room when there was evidence 

The Levine tube is usually removed on 
the patient allowed to begin taking small ai 
rapid progression to the usual diet for j 
the stomach The jejunostomy tube is remoM 
are allowed to be up and about as early as 


15 Haight, C , and Ransom. H K Ohserv; 
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ence has shown that an adequate daily calonc intake may be difficult to 
attain early in convalescence they are instructed at the time of discharge 
to take frequent, relatively small feedings With the passage of time 
most patients will be able to resume a fairly normal routine so far as 
eating habits are concerned and will maintain a satisfactory state of 
nutrition Ferrous sulfate is prescribed, and its use should be con- 
tinued indefinitely m order to prevent the development of hypochromic 
microcytic anemia a condition which frequently follows gastrectomy, 
owing to interference with the metabolism of iron 

Late Part oj Course — After leaving the hospital, a few patients have 
expenenced some difficulty in swallowing The majonty have no 
trouble of this sort If the dysphagia is due to slight contraction at the 
stoma, a few gentle dilations with Hurst dilators will promptly remedy 
the situation When symptoms have persisted, the cause has always 
been due to recurrence involving the stoma One patient has expen- 
enced difficulty with regurgitation after eating for over a year following 
operation Roentgenologic studies show a satisfactory stoma, but pro- 
nounced hypomotility of the small intestine is present The case is 
unique in our expenence In only 2 cases has macrocytic anemia 
developed In these cases symptoms did not become manifest until four 
and one-half and five and one-half years after operation Studies of the 
blood revealed the typical changes of pernicious (addisonian) anemia, 
and prompt remission followed appropriate therapy 

Spontaneous hypoglycemia has been shown by Conn and Ricketts 
and others to occur fairly often after total and subtotal gastrectomy It 
only rarely is responsible for troublesome symptoms and is controlled 
with a high protein, low carbohydrate diet A patient who has other- 
wise done well for over five years after a total gastrectomy for gastric 
ulcer continues to have distressing symptoms In addition to the abnor- 
mal blood sugar curve, he presents senous psychiatric problems, and it 
IS felt that his poor health is chiefly due to these factors 

END RESULTS 

Forty-Six of the 60 patients who w'cre treated sur\uved the oper- 
ation, and of this number 31 have subsequently died The latter group 
of patients, now dead, includes 1 patient w'lth Ivmphosarcoma who sur- 
vived for SIX months and 30 wuth carcinoma The 3 patients who were 
successfully operated on for gastric ulcer and the 1 operated on for 
benign tumor are all living Table 4 summarizes tlie duration of life 
following discharge from the hospital of the patients wlio died Death 
wTis due to recurrence of the disease in all instances Approximateh 

16 Conn, T H and Ricketts, W Unpublished data 
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one-third Ined for six months or less, one-third, from six months to 
one year, and one-third, for more than one year The average duration 
of life in this group was ten and one-half months 

In table 5 data are given concerning the 11 patients who were 
operated on for carcinoma and who are still living It will be noted 
that one half of tliem were operated on too recently for evaluation of 
the results Two of these patients already exhibit -signs of recurrence 

Table 4 — Postoperative Course of Thiriy-Oue Paiicuis IVho Survived Total 
Gastrectomy and Subsequently Died * 


Survival Period 

No of Patients 

0 mo or less • 

10 

8 to 12 mo 

9 

12 to 18 mo 

10 

18 to 24 mo 

1 

Over 2 yr 

1 


* Thirty patients had carcinoma and 1 patient lymphosarcoma The longest surrlval 
period was two years lour and one-hall months, the shortest survival period, two months, 
the average survival period, ten and one hall months 


Table 5 — Data on Eleven Patients Still Living After Total Gastrectomy 

for Carcinoma 


Patient No 

Set 

Present 
Age, Tr 

Period 

Eeeult 

1 

M 

67 

7 yr 11 mo 

Escellent 

2 

F 

71 

0 yr 1 mo 

Good (macrocyttc anemia) 

3 

M 

64 

4 yr 5 mo 

Good 

4 

F 

89 

1 yr 6mo 

Good (regurgitation) 

5 

U 

70 

1 yr 6 mo 

Good 

a 

M 

67 

8mo 

Good 

7 

M 

04 

8 mo 

Poor (recurrence) 

8 

F 

40 

C mo 

Good (recurrence) 

9 

Jf 

68 

3 mo 

Good 

10 

F 

81 

3 mo 

Good 

11 

M 

62 

1 mo 

Good 


Tw'o patients have survived for eighteen months and are doing fairly 
w-ell present Three of the 41 sunuvors of the operation for cancer 
may be regarded as representing five year cures According to Walters, 
Gray and Priestley,^" the death rate among patients who are operated 
on for gastric carcinoma and who survive for five years is essentially 
the same as that for the general population 

The most interesting case in this group is that of a man now 57 
}ears old w-ho was operated on eight years ago for a large adenocarci- 
noma imolvmg the upper half of the stomach (fig 3) The regional 

17 Walters, W , Gray, H K-, and Priestley, J T Malignant Lesions of 
Stomach Importance of Early Treatment and End Results, J A M A 117 
1675 (Nov 13) 1941 
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lymph nodes removed with the operative specimen showed metastases, 
in addition, nests of tumor cells were noted in the lymphatics and the 
blood vessels This patient is now^ in excellent health, carries on wnth 
his usual occupation, has returned to normal eating habits and main- 
tains an excellent state of nutrition 

In the second case, a woman, now’ 71, has sun’ived over six years 
after operation for a scirrhous adenocaranoma involving the greater 
portion of the stomach In this case the regional Ijunph nodes were 
not involved She did well for four and one-half years after operation 
whereupon typical macrocytic anemia developed This has responded 
well to treatment 

In the third case, a man, now’ 64, is alive and w’ell approximately 
five years after operation In this case there w’ere a fairly localized 
carcinoma of the antrum and pronounced thickening of the proximal 
gastric wall, which extended up to the esophagus At operation this 
was interpreted as a mural extension of the carcinoma, and a total 
gastrectomy was performed Subsequent microscopic study of the tissue 
showed that the thickening was the result of severe hypertrophic gas- 
tntis, which was coexistent w’lth the carcinoma The regional ])’mph 
nodes showed no metastases The good result obtained in this case sug- 
gests that, other factors being equal, better results might w’ell be obtained 
in many cases of the smaller gastric carcinomas with total rather tlian 
with the usual subtotal gastrectomy 

In general, the end results are essentially the same as those reported 
from many clinics for the entire senes of gastric carcinomas treated by 
the usual methods While the results are not brilliant thev seem to 
indicate that the operation is w’orth w’hile m a sufficiently large num- 
ber of cases to warrant continuation of its use The small number of 
patients salvaged w’ould most certainly be lost w ithout treatment 
Admittedly, in the case of patients W’ho sur^’lved for only a few months 
the %alue of the procedure is questionable How’ever, when life is pro- 
longed for a year or more, the respite from symptoms which usually 
occurs would seem to make the operation worth while In following a 
group of patients with untreated carcinoma of the stomach, Qiee\er^® 
found that onlv 9 2 per cent lived six months or more after the diag- 
nosis was made, and in nearly 40 per cent the length of life from the 
time of onset of svmptoms until the time of death was onh six months 
or less The distressing symptoms of patients who die of untreated 
gastric carcinoma during the natural course of the disease are, unfortu- 
natel}, familiar to all, and for this reason alone heroic attempts at 
palliation are to be encouraged 

18 Chee\er, D The Operatwe Curabilit\ of Carcinoma oi the Stonneh 
Ann Surge 78 332, 1923 
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The results following total gastrectomy for benign lesions have been 
umformly good (table 6) Our longest penod of survival following 
this operation was eight and one-half years, in the case of a woman 
operated on for a large neurofibroma There has been no evidence of 
recurrence of the neoplasm, which was one which recurs locally unless 
completely exased 

One of the 3 patients with gastric ulcer treated by this method has 
obtained an excellent result He is entirely free from symptoms and 
is leading a normal life, four and one-half years after operation The 
second patient is in only fair health, more than five and one-half years 
later Extensive studies have revealed spontaneous hypoglycemia and 
macrocytic anemia as the only significant organic disorders, conditions 
which do not adequately explain his numerous and bizarre symptoms 
The diagnosis by a psychiatnc consultant is “malignant psychoneurosis” , 
the prognosis is regarded as poor, and institutionalization has been 


Table 6 — Patients Living After Total Gastrectomy for Benign Lesions 


Lesion 

No of Patients 

Period 

Result 

Gastric nicer 

1 

6 yr 7 mo 

Fair 

Gastric nicer 

1 

4 yr 4 mo 

Excellent 

Gastric ulcer 

1 

8 mo 

Good 

Neurofibroma 

1 

8 yr 4 mo 

Good 


recommended The third patient was operated on less than one year ago 
and appears to be doing well at present 

SUMMARY AND CONCLUSIONS 

1 Sixty complete gastrectomies have been performed during the 
past nine years, with 14 deaths, or an operative mortality of 23 3 per 
cent The lesions for which the operation was performed, with the 
number of patients, were as follows carcinoma, S3 , gastric ulcer, 4 , 
lymphosarcoma, 2, and neurofibroma, 1 

2 General peritonitis was the most frequent cause of death, and 
the most common source of it was leakage at the site of the esophago- 
jejunal anastomosis 

3 Of the 46 patients who survived the operation, 31 have subse- 
quently died In all instances death was due to recurrence of the malig- 
nant disease The average duration of life m this group was ten and 
one-half months 

4 Eleven patients are still living after operation for carcinoma 
Approximately one half of these were operated on too recently for 
evaluation of the result Three patients may be classified 3CS repre- 
senting five year cures 
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5 All the patients with benign lesions who sunnved operation are 
living and maintain a satisfactory state of nutrition 

6 In 2 patients the classic picture of pernicious anemia developed 
approximately five years after operation 

7 The technical details of the operation are discussed, and the n orth 
of the procedure is considered 

Department of Surgery, University of Michigan Medical School 

DISCUSSION 

Dr. Howard K Gray, Rochester, Minn When Dr Ransom inwtcd me to 
open the discussion of this interesbng paper, he asked that I re\ie\\ the experi- 
ence in the Mayo Clinic with removal of the entire stomach The senes begins 
%vith the first total gastrectomy performed by Dr W J Mayo, m 1917, and, 
including the operations performed prior to Jan 1, 1946, compnses 124 cases 
The over-all hospital mortality rate for the senes was 40 3 per cent The hospital 
mortality rate for the 91 cases in which operation was performed m the penod 
from 1940 to 1945, inclusive, was 33 0 per cent, and that for 1945, during which 
total gastrectomy was performed in 24 cases, was 166 per cent (4 deaths) It is 
interesting to observe the consistency of the over-all hospital mortality rates for 
the vanous large senes of cases, as recorded in Dr Ransom’s paper, and to note 
the obvious fact that with expenence .and improvements in preoperatu e and post- 
operative care the mortality rate can, and has been, reduced appreciably 

It IS widely accepted that the lesion which most often requires complete 
gastrectomy is carcinoma or lymphoblastoma involving the greater part of the 
stomach, in particular, the diffuse, "leather bottle” type of carcinoma, or hnitis 
plastica The statement, however, that smaller malignant neoplasms situated in 
the upper half or the upper third of the stomach are best treated with total 
gastrectomy is subject to question, for lesions in these areas occasionally lend 
themselves admirably to remov’al by the transthoracic route. The procedure does 
not impose any greater risk than total gastrectomy if performed b> a surgeon 
familiar with both thoracic and gastric surgery In fact, in the four year period 
from 1942 to 1945, inclusive, partial gastrectomy W'as performed at the Mavo 
Clinic in 29 cases, with 6 deaths in the hospital, a hospital mortalitv rate of 
20 6 per cent 

The argument mav be advanced that the transtlioraac operations were done 
primarily for lesions involving the lower part of the esophagus, and secondanh 
the stomach, and that therefore the transthoracic approach was the only method 
indicated in these cases As a matter of fact, in all 29 cases the roentgenologist 
interpreted the lesion as being located in the upper portion of the stomach and 
involving the cardia alone in 14 cases, the fundus in 4 cases and the cardia and 
the lower portion of the esophagus in only 11 cases In 2 cases in which the 
lesion was situated in the cardia microscopic examination revealed a benign 
gastric ulcer, and in 1 case, a leiomyoma In all 11 cases in which the roent- 
genologist observed encroachment on the esophagus the pathologist reported that 
the central ulcerative growth was located in the stomach and was diagnosed as 
adenocarcinoma, this would be presumptive evidence that the neoplastic lesion had 
originated in the stomach, with secondarv infiltration into the esophagus That 
a portion of the stomach mav be preserved and normal esophagocastnc continuitv 
maintained are added factors m favor of transthoracic approach m selected ca-c' 
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A second argument against the transthoracic removal of a malignant lesion 
of the stomach is that adequate excision of lymph-node-bearing tissue is not 
possible with this method. Although retrograde involvement of lymph nodes 
occurs occasionally, it is not common, and, although the time elapsed since the 
first transthoracic resection has been insuffiaent to permit definite conclusions 
regarding the antiapated survival of these unfortunate patients, prehmmary 
studies on the postoperative course have indicated that the survival rate will be 
as good as, if not better than, that in cases of total gastrectomy 

The third objection to transthoracic resecbon of the stomach for carcinoma 
arises from motor difficulties encountered occasionally incident to secbon of the 
vagus nerves in the course of the operabon It has been the experience of workers 
advocabng resecbon of the vagus nerves for bemgn ulcerabng lesion of the 
stomach that the atony of the gastric musculature and small bowel, with or with- 
out varying degrees of pylorospasm, is transient A similar condition might be 
anbcipated when the vagus nerves are sectioned in the course of a resecbon of 
the upper porbon of the stomach with reestablishment of esophagogastric continmty 

As has been noted by pracbcally all observers, disturbance of digestive funcbon 
followmg total gastrectomy may be important In a recent report on a pabent 
who had survived eight years after total gastrectomy, Weir pointed out that the 
digesbve funcbons of pepsin and hydrochlonc acid must be taken over by the 
pancreabc and intestmal enzymes Ivy showed that m gastrectomized animals the 
intake of meat may cause diarrhea and that increased amounts of meat, milk 
and bread are required to maintain normal weight This observabon is consistent 
with the clinical invesbgabons of Wollaeger, Comfort, Weir and Osterberg 
(Proc Central Soc Chn Research 18 37, 1945), who showed in a study of mtake 
and excretion recently made at the clinic on pabents after parbal gastrectomy 
that the loss of fat m the stool was above normal and of vanable amount, and that 
the loss of nitrogen was occasionally increased The secrebon of hydrochlonc 
acid aids in the absorpbon of calaum and iron One would expect calaum metab- 
ohsm to be disturbed in a patient who has undergone total gastrectomy In 
Weir’s pabent there was no disturbance in calcium metabolism, as evidenced by 
absence of osteoporosis and by the normal content of calcium and phosphorus in 
the serum Perhaps the most consistent complamt has been the inability to take 
more than small quanbties of food and the occurrence of the “dumping syndrome,” 
first described by Hertz. Patients viuth this disorder usually complain immedi- 
ately after eabng of nausea, weakness, pallor, palpitabon, tachycardia, perspiration, 
lightheadedness and faintness Although the cause of these symptoms is not 
readily apparent, they are probably due to a reflex effect of too great and too 
rapid distenbon of the jejunum by the ingested food. Total removal of the 
stomach would be presumed to produce a pronounced effect on hematopoiesis 
because of failure of elaboration of the mtrinsic factor, and numerous reports 
have appeared of the development of pemiaous anemia or pemicious-anemia-like 
syndromes after total gastrectomy 

It was interesbng to note in Weir’s case that only at the last examinabon of 
the patient ^vas there any significant macrocytosis Slight glossibs occurred at 
times, but it was only at this examination that any atrophy of the tongue was 
noted 


RECENT ADVANCES IN VASCULAR SURGERY 

A Review of the Literature 
RALPH A DETERLING Jr, MD 
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I N THE wake of every great war, notable advances appear in certain 
scientific fields It was on the field of battle that Pare revived and 
developed the use of the ligature in the treatment of arterial inj ur les Dur- 

ing World War I, clinical and experimental vascular research reached 
new peaks through the work of Halsted and his pupils, Holman and Reid, 
and through the work of Matas, Makins, Sehrt, Tuffier, Key and many 
others Similarly, m the past few years, enormous stndes have been 
made m vascular surgery 

VASCULAR REPAIR 

Blakemore, Lord and Stefko,^ in their search for a nonsuture technic, 
modified the old Pdyr magnesium rings used for vascular anastomosis 
by the preparation of a vein graft with the ends of the vessel everted 
over vitallium tubes Such a cylinder, lined by endotliehum and with 
rigid ends, was designed to be inserted into the proximal and distal ends 
of an artery in which there is an aneurysm or a loss of contmuitj owing 
to injury Although its use m the armed forces was on a smaller scale 
than anticipated, this technic of vein grafting has proved of value in 
selected cases The mam objection to the use of this technic has been 
occlusion by thrombosis The projection of the lips of the tubes into 
the arterial lumen produces eddies m the blood flow, and this, together 
with the ballooning of the vein when it is subjected to arterial pressure, 
permits the formation of a clot Controlled use of heparin and dicumarol 

Presented in part before the Southern Societi of Clinical Surgeons, Rochester, 
Minn , April 9, 1946 

t Blakemore, A H , Lord, J W, Jr, and Stcfko, P L The Se\cred 
Primarj Arterj' in the War Wounded A Nonsuture Method of Bridging \rtcrial 
Defects, Surgerj 12 488-508 (Sept) 1942, Restoration in Blood Flow in Dam- 
aged Arteries Further Studies on a Nonsuture kfethod of Blood Vec'cl 
Anastomosis, Ann Surg 117 481-497 (April) 1943 Blakemore, A H , and 
Lord, J W , Jr A Nonsuturc Method of Blood Vessel Anastomosis Experi- 
mental and Clinical Studs, JAMA 127 685-691 (March 24) ,1945 \ Non- 

suture Method of Blood Vessel Anastomosis Experimental and Clinical Studs, 
ibid 127 748-753 (March 31) 1945, A Nonsuture Method of Blood Vessel 
\nastomosis Resness of Experimental Studs , Report of Clinical Cases, Ann 
Surg 121 435-452 (^pril) 1945 
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has reduced this source of cntiasm It is conceivable that in large 
medical centers dealing with many instances of acute trauma, banks of 
preserved and refngerated vein grafts may be of value Recently, 
Mustard ^ reported on experiences with nonsuture methods in military 
imits operating near the front lines He indicated a preference for a 
plastic ngid tube rather than the vein graft, especially in cases in which 
a long defect in the artery had to be bridged Clotting was prevented 
by administration of dicumarol Smith ® has employed caramelized 
dextrose plugs of a diameter slightly greater than the lumen of an artery 
to be anastomosed end to end With the ends of the vessel approxi- 
mated over this cylmdric dilator, the task of sutunng is said to be easier 
and any constnction is avoided 

THROMBOEMBOLISM 

During the past few years, the most satisfactor)"- method of treating 
venous thrombosis has been the subject of some disagreement The out- 
standing proponents have alined themselves in three mam camps 
Ochsner and DeBakey * have perhaps led in enthusiasm for sympa- 
thetic block, as they have been convinced that the resulting vasodilatation 
prevents reflex vasospasm and the formation of an embolus Unques- 
tionably, considerable symptomatic relief is afforded by this procedure 
A W Allen, Linton and Donaldson,® Homans,® and Linton ^ have 
championed ligation of the vein proximal to the thrombotic process A 
number of cases in which even the infenor vena cava has been ligated 
in an effort to prevent pulmonary embolism have been reported by 
Atlas,® Buxton and others,® Collins and associates,^® Gaston and Fol- 

2 Mustard, W T The Technic of Immediate. Restoration of Vascular 
Continuity After Arterial Wounds Indications and Results, Ann Surg 124 
46-59 (July) 1946 

3 Smith, S A Soluble Rod as an Aid to Vascular Anastomosis An 
Experimental Study, Arch Surg 41 1004-1007 (Oct) 1940, Studies m Experi- 
mental Vascular Surgery, Surgery 18 627-643 (Nov) 1945 

4 Ochsner, A , and DeBakey, M Therapy of Phlebothrombosis and 
Thrombophlebitis, Arch Surg 40 208-231 (Feb) 1940, Intravenous Dotting and 
Its Sequelae, Surgery 14 679-690 (Nov) 1943 

5 Allen, A W , Linton, R R , and Donaldson, G A Thrombosis and 
Embolism Review of TwoNHundred and Two Patients Treated by Femoral Vein 
Interruption, Ann Surg 118^728-740 (Oct ) 1943 

6 Homans, J Deep Quiet Venous Thrombosis in Lower Limb Preferred 
Levels for Interruption of Veins, Iliac Sector or Ligation, Surg, Gynec &. ObsL 
79 70-82 (July) 1944 

7 Linton, R R Venous Interruption in Thrombo-Embolic Disease, editorial, 

Surgery 19 434-436 (March) 1946 ’ 

8 Atlas, L N Ligation of the Inferior \'ena Cara A Case Report, Ohio 
State M T 39 917-918 (Oct ) 1943 
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som,ii Homans,® Kern and Berman, Northway and Buxton,^® and 
O’Neil,^"* and Moses among others Thrombectomy has been per- 
formed, m addition, m some cases Still another method of treatment 
in which anticoagulant drugs are employed has been descnbed by 
Barker and others,®® Evans,®® and de Takats and Fowler ®® Prophylactic 
and therapeutic use of dicumarol, with the dose controlled b} daily 
determination of the prothrombin time, has proved successful at the 
Mayo Clinic 

As a result of the efficacy of dicumarol, when preceded by the admin- 
istration of hepann,®® and anbspasmodic drugs, embolectomy rarely is 
necessary'^ m embolism of a peripheral artery The operation, when done, 
now IS more successful than it was before these anticoagulant drugs w ere 
available as an adjunct WetherelH® has outlined a three phase treat- 
ment of arterial embolism whicli embodies a practical approach to the 
condition Papaverine is first given and tlie site of the embolus localized 
The administration of hepann and dicumarol is begun, and if the vaso- 

9 Buxton, R W , Farris, J M , Moyer, C A , and Coller, F A Surgical 
Treatment of Long-Standing Deep Phlebitis of the Leg A Preliminary Report, 
Surgery 15< 749-756 (May) 1944 

10 Collins, C G , Jones, J R, and Nelson, E W Surgical Treatment of 
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Preliminary Report, New Orleans M S J 95 324-329 (Jan ) 1943 
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spasm has not been broken in one to tivo hours paravertebral block of 
the lumbar s}Tnpathehc gangbons is carried out If tins is not success- 
ful, embolectomy is performed with local anesthesia 

COLLATERAL CIRCULATION 

In obstructive lesions of the vascular system such as tliose due to 
artenal disease, embolism, thrombosis, tumor or ligature, the integrity 
of the part depends on the effiaency of the collateral circulation In 
1933, Gage introduced the use of sympathetic block to stimulate the 
formation of a collateral circulation and to avoid vasospasm in cases of 
aneur)fsm Subsequently, sympathectomy has been used more success- 
fully for this purpose Up to the time of tlie recent war, tliere was 
considerable controversy as to the actual value of this procedure in cases 
of chronic arteriovenous fistula, which in itself was believed to be the 
greatest known stimulus to collateral circulation Within the past tvvo 
years there have been a number of reports by Linton and White,-^ 
Pugh,-® Harbison,®^ Kirtley,®® and Mason and Giddings which indicate 
that sympathectomy has a definite beneficial influence in such cases, as 
it prevents vasospasm, increases the collateral circulation and lessens 
the danger of anaerobic infection Recently, Deterhng, Essex and 
Waugh demonstrated expenmentally on dogs, by arteriography and 
determination of the cutaneous temperature, that while artenal collateral 
arculation appears rapidly in cases of femoral arteriovenous fistula it 
may be further stimulated, even after six months or more, by sympa- 
thectomy With such a procedure available, it may be possible to effect 
an early closure of such fistulas, thus avoiding the local and general 

21 Gage, M Mycotic Aneurysm of the Common line Arterj'' Sympathetic 
Ganglion Block as an Aid in the Development of the Collateral Circulation in 
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24 Harbison, S P Experiences with Aneurysms in an Overseas General 
Hospital, Surg, Gynec & Obst 81 128-137 (Aug) 1945 
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cardiovascular alterations which develop in time in the presence of such 
a lesion 

ANEUR\SM 

Simple arterial aneurysms have been treated by a variety of chemi- 
cal, mechanical and surgical procedures Blakemore and King^^® ha\e 
had success with an improved technic of electrotliermic coagulation in 
cases of aortic aneurysm In certain cases of penpheral aneuiysni 
Blakemore has used an mla}' vein graft and his vitalhum tube nonsuture 
technic With the aneurj'smal sac opened, the ends of the prepared 
venous segment are inserted into the arterial ostiums, and the vail of 
the sac imbricated over the graft to lend support Mention should be 
made of the increasing use of permeable “cellophane” and other films 
to effect gradual closure of a vessel by virtue of the stenosmg fibrosis 
evoked This action on living tissues was demonstrated in 1939 by 
Page®^ when he obtained a pronounced fibrosis of the renal capsule 
following the application of “cellophane” to the kidneys in an experi- 
mental study of hypertension Pearse in 1940 extended its use to 
the vascular system by a senes of experiments on tlie aortas of dogs 
Subsequently, “cellophane” has been used to aid in the obliteration of 
the ductus artenosus Harnson and Chandy reported the cure of a 
subclavian aneurysm by the occlusive action of such fibrosis “Cello- 
phane” bands had been placed about the vessel on either side of the 
aneurysmal sac Poppc and de Oliveira descnbed the degree of 
reactivity of tissue to the vanous types of films vhich induce fibrosis 
and reported the successful application of pohlhene to a fusiform 
aneur}fsm of the thoracic aorta 

PORTAL HYPERTENSION 

As a result of the excellent v ork of the spleen clinic at the Columbia- 
Presbyterian Medical Center in Nev York, there has been a greater 

28 Mason, J Extreme Cardiac Decompensation Following Traumatic 

Artenorenous Fistula of the Left Subclawan Vessels, J Surg 20 451-473 
(Ma\) 1933 Mason, J M , Graham. G S, and Bush J D Earlj Cardiac 
Decompensation in Traumatic Artcrio\ cnous Ancurvsm, Ann Surg 107 1029- 
1036 (June) 1938 

29 Blakemore, A H , and King, B G Electrotliermic Coagulation of 
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understanding of portal hypertension Wlupple’s group has divided cases 
of portal hypertension into two groups (1) cases of intrahepatic block, 
in which the obstruction is in the liver, and (2) cases of extrahepatic 
block, in which the obstruction is in the portal vein or one of its tnbu- 
tanes As a result of surgical experience, Blakemore and Lord 
have demonstrated that the latter type of lesion is more amenable to 
operative intervention In some cases there is congenital atresia of 
the portal vein or cavernous transformabon, while thrombotic obstruc- 
bon secondary to trauma or infection is present in other cases The 
diagnosis generally is established by the presence of splenomegaly, 
anemia, leukopenia and thrombopenia and a history of hemorrhages from 
the stomach and the intestinal tract When present, normal hepatic 
function will help distinguish extrahepatic block from intrahepatic block 
At operabon, the exact site of the obstrucbon is determined by direct 
examination or, in some cases, b}' the difference of venous pressures in 
the coronary, superior mesenteric and splenic veins If the portal 
vein cannot be utilized, as in some cases of congenital lesions, an end 
to end splenorenal venous anastomosis may be employed This shunt- 
ing of portal blood into the systemic veins necessitates sacrifice of the 
spleen and left kidney and serves to shunt only 30 per cent or so of the 
portal blood Consequently, in cases in which the portal pressure is 
two and a half to five times as great as it normally is (the normal 
pressure is 10 cm of water), an end to side portacaval anastomosis may 
produce a swift regression of symptoms As a result of successful 
experiments, it has been proposed that in cases in which such an increase 
m portal pressure is associated with massive ascites (usually cases of 
intrahepabc block) the proximal open end of the left ureter remaining 
after a splenorenal anastomosis should be sutured into the pentoneal 
space, thus offering a conduit for the ascitic fluid to dram by way of 
the bladder 

CONGENITAL CARDIOVASCULAR ANOMALIES 

In the realm of thoracic surgery, the successful operabve cure of 
certain congenital lesions of the heart and great vessels has been one of 
the outstanding achievements m medical science Although there has 
not been any significant work on intracardiac surgery for valvular 
stenosis since tlie efforts of Cushing, Bemheim, Carrel, Graham and 
Cutler and their co-Workers,®^ the war has made the heart a sur- 
gical organ The literature contains reports of many cases in which 

35 Whipple, A 0 The Problem of Portal Hj^iertension in Relation to the 
Hepatosplenopathies, Ann Surg 122 449-475 (OcL) 1945, Rationale of Porta- 
ca^al Anastomosis, Bull New York Acad Med 22 251-253 (May) 1946 

36 Blakemore, A H, and Lord, J W, Jr The Technic of Using Vitallium 
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122 476-489 (Oct ) 1945 Blakemore, A H Portacaval Anastomosis Report 
on Fourteen Cases, Bull New York Acad Med 22 254-263 (May) 1946. 
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missiles have been removed successfully from the walls or chambers of 
the heart The recent introduction of an impro\ ed cardioscope b} 
Harken and Ghdden once again wdens the possible scope of surgical 
treatment 

Congenital malformations of the cardiovascular system often are 
assoaated with other anomalies, such as araclinodactyly, mongolism, 
spina bifida and cleft palate, which may serve m themselves to warn 
the physician to look for a lesion of the heart Congenital cardiac 
defects are said to compose 2 per cent of all cardiac lesions that become 
evident before the age of 12 years The incidence of lesions of the 
aorta such as the presence of bicuspid valves and hypoplasia, coarctation 
and stenosis, is greater among males than it is among females, while 
the incidence of patent ductus arteriosus is greater among females 

At the meeting of the Minnesota State Medical Association in June 
1947, R E Gross presented an interesting senes of cases in which 
tracheal or esophageal obstruction ivas obseiw'ed in infants as a result 
of anomalies of the aortic arch and its major branches The compression 
in these instances resulted from the presence of a double aortic arch, 
from the innominate artery which onginated adjacent to the left common 
carotid artery, or from an anomalous nght subclavian arteiy’ w^hich 
onginated distal to the left subclavian artery SjTOptomatic relief was 
accomplished by division of the anomalous vessel, or by displacement 
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Hosp 20 107-110 (April) 1909 Carrel, A , and Tuffier, T Etude anatomo- 
pathologique et cxp6nmcntale sur la chirurgie des onficcs du coeur, Presse med 

I 173-177 (March 4) 1914 Allen, D S , and Graham, E A Intracardiac 

Surgery A New Method, Preliminary Report, J A M A 79 1028-1030 
(Sept 23) 1922 Graham, E A Recent Phases of Thoracic Surgen, ibid 
80 1825-1831 (June 23) 1923 Cutler, E C , LeMne, S A, and Beck, C S 
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38 Harken, D E Foreign Bodies In, and in Relation to, the Thoracic Blood 
Vessels and Heart I Techniques for Approadnng and Remo\ing Foreign Bodies 
from the Qiambcrs of tlie Heart, Surg, Gymec Obst 83 117-125 (July) 1946 
Harken, D E , and Williams, A C Foreign Bodies in and in Relation to the 
Thoraac Blood Vessels and Heart Migrator\ Foreign Bodies Within the Blood 
Vascular System, \m J Surg 72 80-90 (Tul\) 1946 Harken, D E., and Zoll 
P M Foreign Bodies in and in Relation to the Thoracic Blood Vessels and 
Heart III Indications for the Rcmo\-al of Intracardiac Foreign Bodies and the 
Bellas lor of the Heart During Manipulation \m Heart J 32 1-19 (Tul\) 1946. 
Shapiro, R Intracardiac Foreign Bods Report oi a Case with Recoien ib d 
30 88-91 (July) 1945 

39 Harken, D E , and Ghdden E M Expenments m Intracardiac Surgen 

II Intracardiac Visualization, 1 Thoracic Surg 12 566-572 (^ugl 1*344 



38 


ARCHIVES OF SURGERY 


of the vessel by fixation to adjacent structures when division of the vessel 
appeared hazardous 

Patent Ductus Arteriosus — The ductus arteriosus serves a neces- 
sary function in the fetal circulation in joining the systemic and pul- 
monary circuits Although originally noted by Galen,*® it has been 
known as the ductus Botalh since its description by Botallus m 1660 
After birth, the channel undergoes involution as a result of physiologic 
and anatomic alterations associated with normal pulmonary function 
Kennedy m a study on guinea pigs and Barclay, Bancroft, Barron and 
Franklin by tlie use of arteriography of fetal lambs delivered by 
cesarean section showed that functional closure of the ductus arteriosus 
may occur in as short a time as five minutes after birth The anatomic 
closure is a slower process, but normally the tract has become a fibrous 
cord by the third week of extrautenne life However, the vessel occa- 
sionally continues to persist Christie** stated that while only 35 per 
cent of these vessels are closed by two weeks, only 1 per cent are patent 
after one year Abbott *“ found 242 cases of patent ductus artenosus 
in 1,000 cases of congenital heart disease In these 1,000 cases, the 
madence of patent ductus arteriosus was second only to that of intra- 
cardiac septal defects As a result “of the experimental work by 
Eppmger, Burwell and Gross,*® considerable knowledge has been gained 
as to the disturbance of cardiovascular function in cases of patent ductus 
arteriosus From studies on oxygen content of the whole blood, these 
authors showed that the direction of blood flow is typically from the 
aorta into the pulmonar)' arter)^, as described by Rokitansky *" in 1852 
Qinical evidence to support their work is the usual absence of cyanosis, 
aortic pressure being higher than the pulmonary pressure, the dilatation 
of the pulmonary artery, and the fact that vegetations in subacute bac- 
tenal endarteritis are most frequent on the pulmonary side of the 

40 Galen, cited by Gilchnst.®® > 

41 Botallus, L. Opera omnia, medica et chirurgica, Lugd Batavia, Joannis 
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ductus arteriosus Some cases have been reported m vhich there i\as 
a reversed direction of blood flow, frequently a result of an associated 
congenital defect^® Although a patent ductus arteriosus represents an 
arteriovenous shunt, the effect on cardiac output differs from that of 
penpheral arteriovenous fistulas In cases of the latter anomaly, there 
IS as much as 100 per cent increase in the output of both \entncles In 
the presence of ductus arteriosus, the output of the left lentncle may 
increase 75 per cent, but there is an associated decrease m that of the 
right ventncle *° However, a wide pulse pressure is found m both types 
of shunt, as is an increase in the total volume of circulating blood 

Certain diagnosis of patent ductus arteriosus is not always easy,'** 
although it has been stated that in 70 per cent of the cases the diagnosis 
IS made by the time tlie patients are 20 \ ears of age °° There is often 
a history of "heart trouble” and poor development from earh childhood, 
with an absence of cyanosis or clubbing of the digits Examination 
should reveal a roaring machmerj' munnur with a frequent associated 
thrill, first described by Gibson in 1898 The systolic phase of the 
murmur is generally accentuated, as is the pulmonic second sound The 
area of greatest intensity of the murmur is in the second intercostal space 
to the left of the sternum The murmur may be transmitted to the 
vessels of the neck A narrow ductus artenosus produces a high- 
pitched loud murmur, wdiile wuth a w'lde ductus arteriosus there may 
be no murmur or a murmur of low intensity Gerhardt’s sign, a band 
of dulness to percussion along the left sternal border in the first, second 
and third interspaces, is rarely noted Although the heart may be 
somew'hat enlarged, especially the left auricle and \cntricle the electro- 
cardiogram IS generally normal Stunting of growth and underdc^elop- 
ment are the result of the shunting of a large proportion of the output 
of tlie left ventricle into the pulmonar} circuit instead of into the 
peripheral- svstemic circulation Rocntgenographic examination often 
wall reveal dilatation of the pulnionan arter} and rociitgeno<;cop\ inaj 
disclose excessive hilar pulsation 

Qosure of this abnormal communication is the indicated treatment 
unless a marked degree of Inpoplasia or stenosis of cither great -lesscl 
IS present In such cases, a patent ductus arteriosus senes as a collateral 
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arculation Ordinanly, however, severe complications result from such 
a communication It has been estimated that from 25 to 30 per cent 
of patients who have this anomaly die of cardiac failure and that 
subacute bactenal endarteritis develops m 30 to 40 per cent of cases 
The life expectancy has been said to be 25 to 35 years Bullock and 
his associates,®® reviewed 80 fatal cases and found that 14 per cent of 
the patients were dead by 15 years of age, 50 per cent were dead at the 
age of 30 years and 71 per cent were dead at 40 years Even though 
the newer antibiotics are effective m treatment of endartentis, the con- 
tinued decline m morbidity and mortality in cases in which operation 
IS performed makes this the treatment of choice 

Before the assembly of the Philadelphia Academy of Surgery in 
1907, Munro proposed surgical closure of the ductus arteriosus, but 
it was not to be attempted until thirty years later, when Stneder unsuc- 
cessfully operated in a case m which subacute bactenal endartentis 
was present On Aug 26, 1938, Gross ®® closed a ductus artenosus 
successfully by ligation in contmuity, a feat which was repeated shortly 
afterward in many parts of the world It was not until 1940 that Tour- 
off and Vesell reported the successful ligation of a ductus artenosus 
in the presence of endartentis Qosure of the ductus has been effective 
in cunng subacute bactenal endartentis'®® The operative techmc has 
passed through vanous evolutions as recurrences were reported after 
simple ligation Gross found the use of “cellophane” bands to 
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stimulate a fibrous stricture rather successful Involvement of the 
recurrent laryngeal nerve by the fibrotic process has not pro^ed to be 
a complication Harper and Robinson reported an interesting case 
in which “cellophane” was used in addition to the ligation In this 
case, a recurrence of the lesion was cured by the fibrosis which developed 
as a result of the action of the “cellophane ” Blalock has isolated 
the vessel by transfixion sutures at each end and has successfully obliter- 
ated the channel by a cotton tape ligature Since ligation and division of 
a vessel are to be preferred m vascular surger)-^ to ligation m continuity, 
occlusion by modified Crile clamps, division of the vessel and a con- 
tinuous suture of its ends have been advocated by Gross ®'’ as the most 
dependable means of preventing a recurrence Up to July 1947 he had 
performed this procedure in 177 cases with but 4 deaths None of 
these was due to hemorrhage However, if the tissue is friable and if 
endartentis has occurred recently, the operative risk of this procedure is 
high m most hands Crafoord has even clamped off the aorta dunng , 
division and sutunng of the ductus Since penicillin has become avail- 
able, the mortality rate associated with closure of an uncomplicated 
ductus artenosus should be well under 5 per cent and no higher than 
10 per cent in cases m which subacute bacterial endantis is present 
Before this drug was available, it was noted that closure of the ductus 
served to cure the endarteritis in many instances The optimal time for 
operation is in childhood, since adults are more likely to ha\ e less cardiac 
reserve and frequently have an extremely short ductus, which makes 
the operation more hazardous 

Coarctation of the Aorta — Coarctation of the aorta was described 
as a clinical entity by Pans in 1791 Subsequently, Bonnet di\ idcd 
this anomaly into two types (1) infantile and (2) adult The former 
type IS found in infants who have died of the stenosis within the first 
year of life In this t}q)e, the atresia or constnction is diffuse and 
involves a large portion of the thoracic aorta Severe associated anom- 
alies frequently are present and, since the collateral channels are insuf- 
ficient, death is ineMtable The adult type, ^\hlch I shall consider, 
results from a congenital annular stenosis of the thoracic aorta at or 
near the entrance of the ductus artenosus In about 10 per cent of 
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cases, one finds the ductus arteriosus patent °° The aortic obstruction 
may serve to impede the natural process of involution 

Authors have disagreed regarding the incidence of the adult type 
of coarctation In a study of 1,000 cases of congenital defects of the heart, 
Abbott found 142 cases of coarctation of the aorta In 105 of the 142 
cases, the coarctation was of the adult type Fawcett reported that 18 
mstances of coarctation were found m 22,316 cases m which necropsy 
was performed at Guy’s Hospital in the years 1826 to 1902 Black- 
ford reported that 44 instances of this anomaly were disclosed by 
68,300 necropsies, a ratio of approximately 1 to 1,550 Evans found 
that the incidence of both infantile and adult forms of this anomaly was 
0 13 per cent in a series of 19,217 cases m which necropsy was per- 
formed The adult type occurred in a ratio of 1 case to 1,471 necrop- 
sies Perlman analyzed the results of routine medical examination 
of a large number of selectees for military service and found only 1 
instance of coarctation among every 10,000 men who were 18 to 35 
years of age 

It should be noted, however, that A^bbott found that the diagnosis 
of coarctation had not been made climcal’y in 86 per cent of a series 
of 200 cases, and King in 1926 said that a clinical diagnosis of this 
anomaly had been made only four times in thirty-seven years at Johns 
Hopkins Hospital In the past two decades, however, the clinical 
diagnosis has been made with increasing frequency Levine has 
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estimated that 0 1 per cent of the entire population has some degree 
of coarctation Contrary to simple patent ductus arteriosus, coarcta- 
tion IS observed in males more frequently than it is in females, the 
ratio of males to females being about 4 to 1 It is interesting to note from 
Abbott’s analysis that m 75 per cent of 200 cases the patients ^^ere 
males, they had an aortic lumen of less than 6 mm at the site of coarcta- 
tion, they died before the age of 40 years and they died of the coarctation 
or its direct cardiovascular complications 

The alterations m cardiovascular function m cases of coarctation are 
significant and interesting The early de\elopment of collateral chan- 
nels often permits the patients to carry on more strenuous actiMties 
than would be anticipated from the degree of obstruction Since the 
site of the coarctation is below the origin of the left subclavian arterj' 
m almost all cases, the accessorj' circulation is derived largely from 
anastomoses of (1) the suj>erior intercostal \Mth the first aortic inter- 
costal artery, (2) the internal mammarj' with the epigastnc and inter- 
costal arteries and (3) the subscapular with the circumflex scapular 
artery The position of the obstruction causes major changes m the 
dynamics of the circulation above and below 

The increase in the amount of blood that flows through the \essels 
of the upper extremities, the neck and the head is e\idenced in some 
cases by an elevation of the basal metabolic rate Grollman and Fcr- 
rigan expressed the opinion that this is due to increased blood supply 
to the thyroid gland Because of the redistnbution of blood around 
a centrally situated block, the peripheral flow of blood ma} be greater 
than normal An elevation m cutaneous temperature of the lower part 
of the body, as well as an elevation of rectal temperature, has been 
recorded by Stew'art and his co-workers,'® but unpublished studies per- 
fonned m Roth’s laboratory at the Mayo Clinic failed to confinn these 
findings The effect of coarctation on renal function has been studied 
by many investigators, since the cause of the attendant hjpertension 
has been attributed to either renal ischemia or simple mechanical obstruc- 
tion This has been perhaps the most disputed aspect of the condition 
Friedman and his associates,^' in 1941 by inulin and "diodrast” clear- 
ance studies found that the blood supply of the ladnc} was dcfinitch 
decreased They explained the nonnal rate of glomcnilar filtration on 
the basis of increased filtration pressure secondary' to spasm of the 
efferent arterioles This supported the results of an cxpcnmcntal stud} 
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on rats by Rytand , namely, that renal hypertension may be caused 
by the ischemia Woodbury and associates,^” Steele,®” Stewart and 
co-workers,®’^ and others have pointed out that the narrow pulse pres- 
sure and high diastolic pressure in the lower extremities indicate a wide- 
spread arteriolar spasm and increased penpheral resistance compatible 
with renal hypertension Microscopic examination of specimens of 
skin obtained from the arm and the leg of a patient, aged 34 years, 
who had coarctation and severe hypertension and who was observed at 
the Mayo Clinic, revealed severe hyperplasia of the walls of the arten- 
oles, which was of a greater degree in the vessels of the leg than it 
was in the vessels of the arm , however, Graybiel and his associates ®” 
were unable to demonstrate such alterations in a group of 5 young 
patients who had mild hypertension Blumgart and his co-workers ®® 
found a normal arteriolar pressure in the arms of 2 patients and sug- 
gested tliat hypertension was the result of the mechanical effects of the 
stenosis and the relatively small caliber of the collateral channels 
Brotchner ®* reported 5 clinical cases and performed occlusion experi- 
ments on the aortas of animals to support the mechanical theoiy rather 
than the pressor theory This problem seems closer to a solution as a 
result of the satisfactory drop in blood pressure seen in most cases 
after operative removal of the coarctation Although the apparent 
role of the mechanical block has been elucidated, it must be remembered 
that most of the patients who have been operated on have been young 
Perhaps the renal factor becomes increasingly important as the patient 
grows older In the first case of coarctation in which resection 'W'as 
performed at the Mayo Clinic, the patient was a man, aged 34 years, 
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whose diastolic pressure remained higher than 90 mm of mercur}' 
for a few weeks after operation His s}Stolic and diastolic pressures 
then declined, and six months after operation his brachial artenal 
pressure was wthm normal limits Gross folio-wed the pressures in 
20 cases in which resection had been carried out, and noted satisfactoiw 
decrease m all but 1 In this case the anastomosis left a smaller lumen 
than desired He noted that the decrease in blood pressure gencralK 
does not occur for ten to twelve dajs after operation 

It has been shown that while the circulation time is usually nonnal 
above the site of obstruction, there is a definite slownng distally Cardiac 
output has been measured by GroIIman and Ferngan (1934), Stewart 
and Bailey (1941) and others This has been found normal or only 
slightly increased when the heart was well compensated As about 25 per 
cent of the deaths are due to cardiac decompensation, this must be ruled 
out in such studies The electrocardiogram, while usually normal, will 
show a left axis deviation as the commonest abnormality A negatnc 
T w'ave m lead III frequently is seen, w'lth or wntbout coving (Stewart 
and Bailey®^) The characteristic changes of essential hypertension 
also are found 

The presence of this condition should be suspected in any youth 
w'ho has hypertension and pronounced pulsation of the carotid arteries 
Many patients will have signs of aortic regurgitation Between 25 and 
40 per cent of patients coming to necropsy have bicuspid aortic \al\cs 
The greatly dilated and tortuous intercostal artenes, first illustrated b} 
Meckel ®® m 1827, may become evident by their pulsation and bruit 
Occasionally, the vessels may be felt over the scapular region As the 
degree of stenosis increases, the strength of the pulsations in the femoral 
artenes decreases until, in cases of marked occlusion, no distal pulses 
can be felt Dock emphasized the lag m femoral pulse behind the radial 
pulse and advised simultaneous palpation of the femoral and radial 
arteries Auscultation of the thorax frequently will re\eal a harsh 
blowing systolic munnur, which is heard best in the posterior inter- 
scapular area and is independent of the diastolic aortic precordial 
murmur heard when aortic insufficiency is present 

A number of significant roentgenologic signs of coarctation ln\e 
been described®' Primary' or direct signs are (1) the absence of the 
aortic knob, normally a isualizcd to the left of the fifth thoracic \ erlebra 
on a postcroanterior roentgenogram, and (2) a defect of 1 to 2 cm 
m the aortic shadow as outlined in a left oblique roentgenogram Sccon- 
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dary or indirect signs are hypertrophy of the left ventncle (found in 
75 per cent of the cases in Abbott’s senes dilatation of the ascending 
aorta and aortic arch proximal to the lesion (noted in 50 per cent of 
the cases in Abbott’s senes) and evidence of erosion of the nbs The 
scalloping of the under surface of the ribs due to pressure erosion of 
the bone by the varicose intercostal vessels has been designated “Rdsler’s 
sign” or “Dock’s sign ” 

The reasons for considenng surgical resection of the coarctation 
and pnmarj' anastomosis of the aorta are many The life expectanc}’’ is 
estimated to be 36 years Death occurs from the effects of the 
coarctation in 77 per cent of cases, and in about the same percentage 
of cases death occurs before the age of 40 years About 30 per cent 
of the patients die of decompensation and aortic insuffiaency, 25 per 
cent die of rupture of the aorta and the remainder die of cerebral 
hemorrhage, sudden as>’’Stole, subacute bactenal endarteritis and rupture 
of an aneurysm, usuall}' just proximal to the coarctation The incidence 
of artenosclerosis has been reported to be high in cases of coarctation 

As for indications for operation, one must consider the ability of the 
patient to withstand total occlusion of the aorta during the surgical 
procedure Consequently, if the degree of coarctation is marked, the 
aorta may be occluded safely by virtue of the great collateral arcula- 
tion In complete atresia in which the entire aortic flow is diverted 
mto other vessels, there is theoretically no time limit to the repair since 
no further obstruction results from clamping the aorta In the 200 
cases reported by Abbott,®® complete atresia was present in 25 per cent, 
and narrowmg to less than 6 mm was present in an additional 50 per 
cent Such patients should have httle or no pulse or pressure in the 
femoral arteries The severer the coarctation, the greater is the indica- 
tion for operation The optimal age for operation has been considered 
to be between 8 and 25 } ears 

The successful repair of this anomaly is truly a milestone in sur- 
ger^"^ and was the direct result of experimental and clinical research 
smce 1938 by Gross ®® and Blalock in Amenca and Crafoord ®® m 
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Sweden In December 1944 Alexander successful!} performed tho- 
racic aortectomy at the site of coarctation and aneurysm, but \'ascular 
continuity was not reestablished In September 1945 Gross and Huf- 
nagel ‘’® reported their experimental work and briefly mentioned 2 cases 
in which operation had been performed In the first case, the patient 
unfortunately died of acute cardiac dilatation Subsequent!}, Gross 
described these patients in greater detail and has elucidated the 
surgical technic Crafoord and Nylin,®^ m October 1945, reported 
2 cases m which resection and primary anastomosis were performed 
successfully by the Carrel technic Up to February 1947, Crafoord had 
carried out resection in 15 cases of coarctation with 2 deaths Up to 
July 1947, Gross had done resection m 22 cases, with but 2 deaths 
Blalock, Clagett and others have now performed the operation success- 
fully Clagett has had occasion to anastomose the dilated left sub- 
clavian arter}' to the aorta distal to the stenosis in several cases, with 
or without resection of the coarctation Experimental work on \arious 
modifications of the technic is being carried out in many medical centers 
at the present time As may be claimed in the case of surgical repair 
of a patent ductus arteriosus, a successful early operation in a case of 
uncomplicated coarctation may restore the patient to norma! 

Pulmonary Stenosis or Atresia — Stenosis or atresia of the pul- 
monary artery is another congenital anomaly which recently has been 
treated surgically This anomaly w'as present in 205 of the 1 000 
cases of congenital heart disease reported b} Abbott When the 
anomal} is associated with a closed interventncular septum, there 
frequently is little cyanosis However, there are relate elv few cases 
without an mtcn'entncular septal defect Atresia and stenosis of the 
pulmonan^ artery without septal defect each was present in about 10 
per cent of the cases reported b} Abbott The remaining cases 
generallv W'ere classified as cases of the tetralog^ of Fallot , that is, ]nil- 
monary stenosis, dextroposition of the aorta, defect of the interven- 
tricular septum and Inqiertroph} of the right acntncle Mthough a 
simple defect of the \entricular septum (maladie de Roger) is a rela- 
tively common congenital defect and can be tolerated well Us asso- 
ciation with hypoplasia of the pulmonar} artcr} results in a '•enous 
clinical svndrome Instead of the blood’s flowing through the deft'Ct 
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from the left ventricle to the right ventricle, the stenosis obstructs the 
pulmonary circulation sufficiently to reverse the direction of the flow in 
the ventricles Aeration of the resultant small amount of circulating 
blood in the pulmonary circuit is not sufficient to prevent cyanosis 

The condition should be suspected if a child has clubbmg of the 
digits, severe cyanosis and dyspnea on exertion The physical exami- 
nation of the thorax usually will reveal a harsh systolic murmur at the 
second to fourth intercostal spaces at the left border of the sternum 
A vibrant thrill can be felt in about 30 per cent of cases There is 
severe polycythemia. The value for the hemoglobin may become 26 
Gm per hundred cubic centimeters of blood and the erythrocyte count 
may be as high as 10,000,000 per cubic millimeter of blood The elec- 
trocardiogram reveals a pronounced right axis deviation 

The surgical treatment of stenosis or atresia of the pulmonary 
artery has been primarly directed toward augmenting the flow of blood 
through the lungs and hence increasing the oxygenation of the circu- 
lating hemoglobm Babcock®** (1932) performed an end to end carot- 
icojugular artenovenous anastomosis in 1 case The operation was 
performed to increase (1) the velocity of blood through the heart, (2) 
the cardiac output and return and (3) the degree of oxygen saturation 
of the hemoglobin m the pulmonary artery It was hoped that a 
more frequent passage of blood with an elevated imtial oxygen satu- 
ration through the lung would improve the condition Unfortunately, 
the presence of widespread pulmonary tuberculosis in the patient obvi- 
ated any hope for improvement 

On the basis of experimental work which showed the plausibility 
of anastomosis of systemic artenes to one of the pulmonary artenes, 
Blalock®^ (1945) devised an operation to increase the volume of blood 
which flows through the pulmonary arcuit In cases of atresia and 
stenosis, this is accomphshed by an end to side anastomosis of the 
innominate or subclavian artery to the pulmonary artery This in 
essence produces an artificial ductus arteriosus This fact constitutes 
one of the chief objections to the operation, as one cardiovascular 
abnormality actually is substituted for another The child may be sub- 
ject to the complications of the ductus artenosus, possibly with less 
ability to withstand the physiologic disturbances 

In cases of imtreated pulmonary stenosis, the life expectancy is only 
12j4 years, with a maximum of about 25 years Chief complications 
are cardiac failure, poor development and thrombosis Operation aims 
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primarily at increasing the pulmonarj^ blood flow and, conscquenth, the 
oxygenation of the hemoglobin The presence of 5 Gm of reduced 
hemoglobin is sufficient to cause cjanosis It has been notable that in 
cases in w'hich operation has been performed, there has been a rapid 
fall m concentrktion of hemoglobin and in the erythroc}te count, with 
regression of the cyanosis Blalock, since his first report in Ma} 
1945, has performed the operation in several hundred cases with good 
results By now, many other surgeons have successfully performed the 
operation With penicillin therapy available for the treatment of sub- 
acute bacterial endarteritis, and with the improvement m treatment of 
cardiac failure, it is probable that a substantial extension of more normal 
life has been attained for children who have been operated on for atresia 
or stenosis of the pulmonar}' arterj 

NEW AND IMPROVED DIAGNOSTIC PROCEDLRES 

The exact diagnosis of congenital lesions of the heart and other 
vascular disorders has been advanced in the past several years by rapid 
developments in the field of arteriography and angiocardiographj In 
the early thirties these diagnostic procedures were mainly of academic 
interest because of the crude technics and the use of rather toxic con- 
centrations of sodium iodide and colloidal thorium dioxide However, 

with relatively innocuous contrast mediums now available for vnsual- 
ization of the heart and great v essels, a number of w orkers have dev eloped 
safe technics 

Notable contnbutions to the visualization of the chambers of the heart 
and the great vessels have been those of Perez de los Rej es, Castellano^ 
and Pereiras and Robb and Steinberg The abdominal aorta and its 
branches have been studied bv Farinas The accurate identification 
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of aneurysm, defects of the cardiac septum, coarctation of the aorta, 
tetralogy of Fallot and other congenital anomalies have been described 
recently by Robb and Steinberg,®® Steinberg and assoaates,^®^ Gnshman 
and co-workers,’^®- Sussman and co-workers,^°® Perez de los Reyes and 
others,®® Thompson, ^®^ Olney and Miller,^®® Stewart and associates,”* 
Blumenthal and Davis ^®^ and others Some of the contrast mediums 
that have been used for this purpose are “parabrodil,” “lopax,” “neo- 
lopax,” “hippuran” N N R and “diodrast” N N R This last sub- 
stance used in concentrations of 70 per cent has been most successful 
m the hands of American workers The use of single roentgenograms 
timed for passage of the medium through the pulmonary circuit and 
through the left side of the heart and the aorta has been improved by the 
use of rapid multiple exposures (Sussman and his associates ^®*) or 
cineroentgenography by which the course of the medium from the tme 
of its injection may be followed continuous!}' on the roentgenoscopic 
screen and photographed with the cinecamera (Stewart and his co- 
workers ^®®) Electrokymography and catheterization of the chambers 
of the heart and great vessels have added much information as to tlie 
physiologic alterations resulting from these cardiovascular anomalies 
As knowledge of congenital disorders is increased by such studies, 
one may expect the surgical treatment of cardiovascular disorders to 
continue to advance 
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lY/T OST surgeons concede that the average case of intracapsular frac- 
•^'^'^ture of the neck of the femur still represents a major, and often 
irretrievable, disaster Internal fixation of the fresh fracture and Tarious 
methods of restoration of stability in cases \Mth nonunion ha^e been 
great advances The younger group of patients, unfortunatel} small, 
usually does well , but, m all fairness, one must admit a higli percentage 
of bad results in the run of cases The causes of failure in the treatment 
of fresh fractures of the neck of the femur are ell know n , the} include 
(1) inadequate reduction and pinning, (2) degenerated bon} structure 
which in the aged wall not support internal fixation, (3) late aseptic 
necrosis (or fragmentation) of the head of the femur, (4) degeneratuc 
arthnhs, with or w'lthout bony union, and (5) loo carl} weight bearing 
on a bad mechanical line subject to shearing force 

A recent personal poll of thirty leading orthopedic surgeons showed 
that there is still a wide divergence of opinion regarding the handling 
of both fresh and old fractures of the neck of the femur With the 
omission of all cases but those of one }ear surv'ual, the percentage in 
which bony union was obtained ranged from 60 to 90 \s expected, 
some of the lower percentages were obtained among derelicts b} sur- 
geons W'orking on charity senices of large cit} hospitals On the other 
hand, Henderson,^ Mc}crding^ and Ghormlc\,' of the Ma\o Clinic, 
reported bony union in SO to 90 per cent of cases, modcsth ascribing 
their high percentage of success to the f.act that their patients of this t\pe 
were largely Mgorous farm folk Ining within 50 to 100 miles (S to 16 
kilometers) of Rochester, Minn I hope that the reader bears in mind 
that 1 work in a large cit} , for my percentage ol cases with satisfactorv 
bom union is not more than 65 

Whatcacr the cause, all the surgeons questioned had seen mam had 
results in cases of intracapsular fracture of the neck of the femur 
Pr.acticalh all st.atcd that thc\ use some form of reconstruction operation 
gencralh the Coloniia or Brackett t}q>e, at least with the \oungcr or more 
Mgorous subjects rcser\tng ostcotoim for the edder group Tins 
personal survea, as well as the literature ut the past few \ears sh^v s 

I\cad at tlk rdti-rourth \nninl Mcctinp oi the W cor-n s -pjol \«‘r,r 
tion Memphis Tcnn Dec 7, 

1 Personal comnninicatioa u> thi author 1 ^- 
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that an increasing number of the leading surgeons of England and 
America perform osteotomy for all old fractures of the hip to correct 
bad results, whether due to malunion, nonunion or degenerative arthntis 
Frank Dickson,^ Leadbetter,^ Wallace Cole,^ Kellogg Speed,® J S 
Speed (Memphis),^ George Bennett,^ Hermann,® Barney Owen,^ and 
McMurray,® of England, are a few Who now use osteotomy as the 
treatment of choice in cases of old ununited fracture Reich ^ and 
Magnuson ® have used osteotomy with excellent results Cole ^ and 
Murphy ® have employed this method instead of pnmary pinning, while 
McMurray ® uses it exclusively with both fresh and old intracapsular 
fractures A few, though not the majority, reported the use of pins to 
hold the fragments after osteotomy High osteotomy is more popular 
because of the greater chance of bony union m the onginal fracture and 
because internal fixation of the fragments is almost obligatory with the 
Schanz, or low, osteotomy 

All of the well known reconstruction operations of the hip were 
great contributions Diagrammatically all can be made to look simple 
and effiaent In actual practice others, as well as myself, have found 
it necessary to use these procedures only in selected cases, because of 
conditions present at the site of fracture or because of the condition 
of the patient Such procedures as the bone peg operation or the 
Brackett, Whitman or Colonna reconstruction are all formidable as to 
nsk and are difficult of execution J S Speed stated that only about 
60 per cent of fairly good results are obtained with these large procedures 
even in selected cases and that 25 per cent of the favorable results are later 
vitiated by degenerative arthntis, causing painful and restncted move- 
ment of the hip Against the net 45 per cent of satisfactory results from 
reconstruction operations performed only on patients who are good 

2 Leadbet'^er, G W Cervical-Axial Osteotomy of the Femur Prelirainarj 
Report, J Bone & Joint Surg 26 713-720 (Oct ) 1944 

3 Speed, K. Treatment of Postoperative Infecbons Following Internal Fixa- 
tion for Fracture of the Neck of the Femur, Tr West S A 52 567-582, 1945, 
Subtrochanteric Osteotomy for Unumted Fracture of the Neck of the Femur, Ann 
Surg 124 576-585 (Sept) 1946 

4 Speed, J S , and Smith, H Trochantenc Osteotomy for Ununited Frac- 
tures of the Neck of the Femur, South M J 34 798-806 (Aug) 1941 

5 Hermann, O J The McMurray Osteotomy for Nonumted Hip Frac- 
tures, New England J Med. 232 186-189 (Feb 15) 1945 

6 McMurray, T P Ununited Fractures of the Neck of the Femur, J Bone 
& Joint Surg 18 319-327 (Apnl) 1936 

7 Reich, R S Unumted Fracture of the Neck of the Femur Treated by 
High Oblique Osteotomy, J Bone & Jomt Surg 23 141-158 (Jan.) 1941 

8 Magnuson, P R. Fractures (Modified Brackett), Philadelphia, J B 
Lippmcott Company, 1933 

9 Murphy, F G Subtrochanteric Osteotomy for Fresh Fracture of the 
Neck of the Femur, S Qin North America 23 211-220 (Feb) 1943 
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risks, most men reported about 80 per cent of good results with oste- 
otomy as used on all types of patients, and bom union was achie\cd in 
about half, 50 per cent The onl3'^ procedure show ing comparable results 
IS the rarelj' indicated b6ne peg operation 

The advantages of osteotom}', presented so ably before this socictj bj 
Kellogg Speed, are as follows 

1 It is a simple procedure, suitable to practicall) all age groups 

2 Aseptic necrosis of the head of the femur and dcgcneratnc 
arthritis have not been contraindications 

3 A good weight-bearing line, without shearing force, with or 
wuthout bony union is achieved Properly executed, a strong, stable 
hip IS the probable result in the average case 

4 Revascularization of the head of the femur which has already 
undergone partial aseptic necrosis is not unusual 

5 About 80 per cent of good results can be expected, with bonj 
union in at least SO per cent With proper technic, the percentage of 
bony union can be improved 

6 Few late degenerative changes have been noted after successful 
osteotomy 

7 Normal leverage of the gluteal and psoas muscles is preserved, 
making for stability of the hip 

8 Osteotomy is useful m treatment of malum coxae senilis 

9 The period of immobilization and non-w eight-beanng is sliort 
Objections to the spica cast arc minimized by active muscular exercises 
and proper general management while the patient is in the cast Hen- 
derson still uses a spica cast after internal fixation of fresh fractures 
I agree wuth Dickson, Henderson and others, who feel tint the disad\an- 
*agcs of casts arc o^crratcd The rigid, twisted, Inpcrextcndcd leg in 
the Whitman cast often caused stiffness of joints After ostcotom\ the 
leg IS in the neutral position with the knee slight!} bent, and the cast 
IS w'om for onh eight weeks 

TFCiiMC or osteotomi 

During the past few }cars nnm fine discussions on high ostentomv 
ha\e appeared in the literature In each instance, the tcchiiic of the 
operation is dismissed with the statement that a high o^teotonn at 
the proper point was made, followed In inward displactmint o. the sjntt 
of tlic femur It is true that the procedure is cimplc and a fair ni luKr 
of good results can be obtained with c\en a poorh perfomicd r^^-o o n\ 
Tlirough a stud\ of the factors in\ol\cd m several j-H-^or result^ a j-f- 
sonalh satisfictorv technic has been tvoheel On the edif h d 
important points ha\e l>cen discovered accide itallv In ob-c'wmg i’ r 
reasons for uiuisualK sticcc^sful rcsul’s m 2 exiles 
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Before operation, roentgenograms are made on the operating table with the 
leg under manual traction. The line of osteotomy is then determined A point as 
near as possible to the base of the greater trochanter is selected which will still 
allow the Ime of osteotomy to pass upward and inward to a level through or 
above the lesser trochanter The higher the line of osteotomy can be made, the 
broader the base of the cancellous bone that can be obtained and the better the 
rotation of the head. Thus, more of the old fracture line can be freshened and 
brought into contact with the lower osteotomy fragment To prevent knock knee, 
a certain amount of obliquity in the osteotomy is necessary to allow about 20 
degrees of abduction and still have contact of the shaft with all three fragments 
The greater the obliquity of the osteotomy, the more abduction is required for 
solid contact Since not more than 20 degrees of abduction is desirable, the direc- 
tion of the osteotome must be carefully guided The high osteotomy with a certain 
amount of obliquity provides a broad base of cancellous, very highly osteogenic, 
bone at the upper end of the shaft Proof of the reparative quality of bone in this 
area is shown by the fact that nonunion of intertrochanteric fractures is unknown. 
Before osteotomy is done, the periosteum must be stnpped from the whole circum- 
ference of the upper end of the shaft through a verbcal incision below the greater 
trochanter The penosteum should be stnpped clear for 3 or 4 inches (7 5 or 10 
cm ) down on the shaft and as high as possible toward the trochanter and neck. 
The sheet of penosteum must be kept intact anteriorly and postenorly This 
maneuver is one of the critical points in performing successful osteotomy, because 
after the bone is cut through and the shaft displaced inwardly the periosteal con- 
nections between the shaft and the severed trochanter allow the trochanter also 
to be drawn snugly against the head and better contact against the shaft is also 
maintained. The three fragments can now be manually impacted in the desired 
position Umon is more assured, and internal fixation with pins to prevent 
separation of fragments is obviated After the penosteum is separated and 
retracted antenorly and posteriorly, osteotomy is performed on the predetermined 
line, using an osteotome slightly narrower than the shaft The osteotome cuts 
through the periosteum on the medial aspect At times it may be difficult to 
preserve both the antenor and the posterior periosteal strip, but any retained 
connection is valuable An attempt is now made to rotate the head of the femur 
with a blunt elevator so that the old fractured surface faces somewhat downward. 
The shaft is now displaced mward, using the osteotome as a combination lever 
and shoehorn Often the upper inner pomt of the shaft, impinging against the 
lower edge of the head of the femur, can be made to aid in further rotating the 
head, so that more of the old fracture line can be brought mto contact with 
the shaft In this way union is more apt to be obtained , more new bone is deposited 
in the Ime of weight bearing, and the head is m a better position to receive weight 
bearing should bony umon not be achieved The portion of the head lying directly 
above the displaced shaft and as much of its old fractured surface as possible are 
now freshened with the osteotome, and pieces of bone from the osteotomized 
margins of the trochanter and shaft are forced into or around the old fracture 
area Before closure of the wound, a roentgenogram is made to be sure the shaft 
has been displaced sufficiently mward and the inner margin impacted solidly against 
and beneath the lower margm of the head. 

A double spica cast to the toes of the affected leg and the knee of the good leg 
IS applied The body portion of the cast need embrace only the pelvic region and 
can be cut down in front to a point below the level of the navel After soreness 
from the operation has subsided, the patient is taught to contract actively all 
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muscle groups systematical!}, exerasing fi\c minutes of each waking hour ^.t 
the end of six weeks tlie cast is bn'ahcd and more wgorous exercises are per- 
mitted. The entire cast is remo\ed at tlie end of eight weeks, and after a few 
more days of exereiscs in bed the patient is started in a walker or on crutches, 
with gradually increasing weight bearing From this point progress will \arj 
with each patient, but all are encouraged to abandon walking aids as soon as 
possible 

COMME^T ON PERSONAL CASES 

This report is based on the following personal experience (1) 
osteotomy for old mtracapsular fractures of the hip, 19 cases, (2) 
osteotomy for fresh mtracapsular fractures, 2 cases, on which it is too 
early to report, and (3) osteotomj for malum coxae senilis without 
fracture, 4 cases 

A statistical study of these cases would be worthless and misleading 
There were a number of bad results among the earlier cases \Vith 
a better mechanical and physiologic conception of the problem, the 
results have been more satisfactorj’’ This series of cases is too cnnil 
for dogmatic conclusions, but the impression gained is that fairh good 
restoration of function, usually with bon} union, can be expected with 
osteotomy properly performed 

Malum coxae senilis is a fonn of degeneration m the head of the 
femur, probably due to partial loss of blood suppl} Obser\ing re\as- 
cularization in a partially dead head of the femur following osteotoim 
for nonunion, I decided to tn, this procedure for nnlum coxae scnihs 
The only variation in technic is that the line of ostcotoin} is slightK 
more oblique and the inner margin of the shaft is displaced inward, 
ahvavs beneath the lower margin of the acetabulum One patient has 
complete relief at the time of this report, four a cars after ojx^ration, 
the condition of 1 is improaed and that of the other 2 is not improacd 
These results are not spectacular, but the intention is to use the method 
in a larger scries It must be admitted that my own experience with 
other operations for this condition ha\c been disappointing The 
Australian procedure, consisting of making imiltiplc drill holes through 
the trochanter into the head to encourage a new blood s^ppla has no* 
acbicacd its objectne m iiia hands but it suggested the uh of o^tLOtoiin 
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bearing and the higher percentage of cases of degenerative arthritis 
are factors arguing against internal fixation Points in favor of oste- 
otomy are 

1 Complete valgus position and elimination of the sheanng angle 
are achieved 

2 Better vascularization of the head with less danger of late arthritis 
and septic necrosis can be expected 

3 Osteotomy is technically easier in cases of fresh fractures than 
in cases of old ones because the shaft can be displaced inward and the 
head rotated more easily The line of fracture is more nearly honzontal 
than vertical, completely eliminating the sheanng angle With the 
technic previously described, the continuity of periosteum and the pull 
of the common muscles attached to the osteotomized fragments tend 
to produce snug apposition of all three fragments without internal 
fixation 

4 Instead of the twisted, hyperextended position necessary with 
the old Whitman method, a comfortable cast is applied with the knee 
slightly bent, and the danger of subsequent stiffness of joints is kept 
at a minimum 

5 The results so far reported have been good The average shorten- 
ing has been about inch (1 27 cm ), and motion of the hip joint, 
with the exception of full adduction, has been satisfactory My own 
cases are too recent for final report, but it is my intention to continue 
the use of the method 

SUMMARY AND CONCLUSIONS 

My teclmic for osteotomy is described 

Osteotomy seems to be the safest and best procedure for all old 
fractures of the hip 

There are no contraindications to osteotomy referable to the con- 
dition or the position of the fragments 

Osteotomy is useful in many other conditions of the hip, such as 
malum coxae senilis 

Osteotomy may partially or completely supplant internal fixation 
in the treatment of fresh mtracapsular fractures of the hip 

902 Carew Tower 

DISCUSSION 

Dr Kellogg Speed, Chicago Is the problem of recent or old fracture of the 
hip solved? As Dr Asbury stated, there are still unsatisfactory results Here, I 
hear that good results are obtained in 86 per cent of patients after fracture but 
that the percentage after ununited fracture is much lower 

Certainly, inadequate reduction at the primary treatment is often at fault In 
some instances, complete reduction by manipulation, either with or without skeletal 
traction and use of a fracture table, cannot be obtained This failure leads either 
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to open reduction, uhich ma> be undesirable, or to acceptance b% the surgeon o^ 
a fairly satisfactory incomplete reduction as a compromise. 

The other points mentioned in this paper arc well taken c‘;pccialh that of 
late aseptic necrosis of the head of the femur, which maj occur proximal to the 
area of union with the diaphjsis, depending on incomplete rcya'culanzation of 
the head, as a result of manipulation or fixation or of too short a penod of 
freedom from pnmarj weight bearing Tins late necrosis is an important compli- 
cation It may be the result of anoxia of the bone dcpri\cd of adequate circulation, 
aided In mechanical pressure, and conics on up to fi\e jears or more after the 
healing across the fractured plane Its occurrence is unpredictable during the 
early course of the healing, c\cn with roentgenologic control from the start 

For that reason, subtrochantcnc osteotomy maj become the pnmary treatment 
of choice It IS a yya> of sidetracking tlie pinning procedure and the long con- 
valescence of bon> healing yyithout weight bearing Finally, it is possible that 
revascularization of the head yyill be obtained in a higher percentage of eases 
after ostcotomj Time and tnal yyill tell 

For morbus coxae senilis, y\ith its narroyycd and permanently changed painful 
hip joint, headed by nature toyyard final stiffening, I prefer to u'c arthrodesis 
.vhich docs awaj yyith pain, leg shortening and axial change and seems to offer 
adequate support for the rclatnely fey\ years of life remaining to the aycrage 
patient 

The problem of fracture still remains uiisohcd 



TREATMENT OF LOCALIZED INFECTIONS WITH PENICILLIN 

INFILTRATION 


FRANK K INUI, MD 

COLUMBUS. OHIO 

T his report deals with regional infiltration with penicillin, a 
method of therapy that has demonstrated its value in localized 
infections 

Florey ^ in his origmal 15 cases in which treatment was with penicil- 
lin suggested the possibihties of local application of pemcilhn Fraser* 
and Flippen ® injected penicillin into the cavities of soft tissue abscesses 
after aspiration of the purulent exudate Several writers * have 
recommended the topical use of penicillin in the form of creams or solu- 
tions Cutler and Sandusky ' advocated a combination of pemcillin 
powder and lyophilized human plasma There are many reports® of 
the use of penicillin in combination with surgical debridement and its 
instillation into closed cavities Peck * presented 15 cases m which 
pemcilhn solution was injected directly into the necrotic tissues or 

From the Department of Surgery, University of Utah Medical School and 
Salt Lake General Hospital, Salt Lake City 

1 Florey, M E, and Florey, H W General and Local Administration of 
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6 Dawson, M H , and Hobby, G L. The Oinical Use of Peniallin 
Observation in One Hundred Cases, JAMA 124 611-622 (March 4) 1944 
Lockwood, J S , White, W L , and Murphy, F D The Use of Penicillin m 
Surgical Infections, Ann Surg 120 311-349, 1944 Robertson, I M Pemallm 
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7 Peck, F B Pemcilhn with Special Reference to Its Use in Infections 
Complicating Diabetes, Am J M Sc 208 581-596, 1944 
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sinuses of infected areas in diabetic patients ^Mth good results He 
utilized a solution of penicillin in isotonic sodium chloride in a con- 
centration of 100 to 1,000 units per cubic centimeter Tlic-^c injec- 
tions were repeated as often as e\en three hours Ro«e and Hur- 
witz® reported 24 cases in which treatment was b\ daih injection in 
three or four sites at the margin of tenderness and toward the center 
of infection Their rationale in this approach was an attempt to reenforce 
the natural barrier against infection set up b) the host Solutions of 
penicillin in concentrations up to 60,000 units per cubic centimeter were 
used without difficult}’ The results were strikingh good In the 
present senes of cases localized infections were encompassed b\ a penicil- 
lin solution infiltrated entire!} around the lesions, including the ln«c. 
by means of multiple injections 

The effects of these injections in this senes of ca^es were simihr 
to those recorded by Rose and Hurwitz The first iiifiltrition was 
always moderate!} painful, but the subsequent ones were less so The 
amount of pain dejxmdcd on the care and slowness with which the 
infiltration was made Pain from the infection itself disappeared a few 
minutes after the infiltration was made, howeier, and the lesion usualh 
remained painless for man} hours afterward When pain did return, it 
was of less intensity than prior to the treatment In all cases the 
erythematous area changed from a fier} to a dull red with a tinge of 
cyanosis This cyanosis persisted long after the infection had been 
eradicated The area of tenderness rapidl} receded, and in casts in 
which there had been tender regional hinph nodes that tenderntss also 
disappeared 

In a few cases in which pus had alrcad} formed and was noir the 
surface, spontaneous eiacuntion occurred despite treatinent In I jiatant 
a small incision was made to c\acuatc the pus In most instancts 
healing occurred with resorption of pus and resolution of indurated tis- 
sues No to\ic reaction or sloiighing^ of tissues was noted \\ 0 )dancc 
of disfiguring scars and of long hospitahz^ation was extremeU gratihing 
Nc\crthclcss, sound surgical judgment must be cxtrciscd in tht stUction 
and treatment of these patients 
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with penicillin solution at the outer margin of erythema or edema, two 
or more points of entry being used for the injections Before the infiltra- 
tion the area was cleansed with a mercunal antiseptic and 70 per cent 
alcohol or alcohol alone 

Injections were made once a day The dose of penicillin as well 
as the volume of solution was varied according to type, location and 
size of the involved area Subsequent mjections were made as indicated. 
As much as 200,000 units of penicillin and as large a volume of solution 
as 50 cc were used in some of the cases The rationale for the large 
doses was the apparent effectiveness of penicfillm when massive doses 
are used even against such nonsusceptible organisms as Eschenchia coli 
As far as possible, treatment was limited to local infiltration 

RESULTS 

The present series comprise 12 patients, 6 treated as outpatients and 
6 as inpatients The former group consists of 3 patients with carbuncles 
and 3 with furuncles , the latter of 2 patients with carbuncles and 4 with 
cellulitis The table is a summary of the cases in which treatment was 
given 

Two of the cases are presented in detail to illustrate the method 
and the results of such treatment 

REPORT OF CASES 

Case 1 — R M , a 67 year old white woman with a known hypertensive history 
of ten years, was admitted with an inadequately incised carbuncle on the back of 
the neck. The patient noted a boil at this site about one week pnor to admission. 
This lesion progressively increased in size and in painfulness , 

Physical examination revealed a toxic, somewhat delirious elderly woman with a 
temperature of 100 8 F , a pulse rate of 66 and a respiratory rate of 30 Blood 
pressure was 212 systolic and 102 diastolic. On the back of the neck was a large 
carbuncle measuring 5 by 5 cm with pronounced swellmg, erythema and tenderness 
In the center of this mass was a small cruciate incision draining seropumlent 
material Surrounding this were several small necrobc heads Occipital nodes 
were enlarged and tender As movement was extremely painful, the head was held 
rigidly in a slightly flexed position 

Laboratory studies revealed a hemoglobin value of 13 Gm , 18,500 white blood 
cells and normal unne free of sugar 

Penicillin, 30,000 units immediately and 20,000 units every three hours intramus- 
cularly, was given and hot packs were applied over the lesion After four hours 
the temperature had risen to 102 6 F (rectally) It was decided to try local 
infiltration of peniallin Therefore 100,000 units in 20 cc was used to infiltrate 
the lesion in its entirety at the outer margin of erythema and induration. There 
iras considerable pam associated with the infiltration in spite of 16 mg of morphine 
gi\en one-half hour before the procedure. However, shortly after the infiltration 
the pain was gone. The following day she no longer had any pain from the car- 
buncle The lesion was a dull, cyanotic red, and the area of tenderness had dim- 
inished slightly This method of treatment was continued daily for eleven dajs 
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as were the intramuscular admimstration of penicillin and the application of hot 
packs In all, 2,870,000 units of penicillin was given, of this 1,100,000 units v^as 
used locally and 1,770,000 units intramuscularly 

Bj the third day her temperature had dropped to less than 100 F and her 
white blood cell count to 7,200 She was feeling much better and eating well The 
carbuncle rapidly resolved without discharging the necrotic tissue but by resorption 
of this matenal At the time of discharge, fourteen days after admission, the 
lesion had completely healed, leaving an 8 mm scar The skin at the site of 
the carbuncle was still cyanotic There was considerable residual induration of the 
subcutaneous tissues in this area Three weeks after her discharge she was seen 
in the outpatient department The examining physician stated that the cyanosis 
and some mduration were still present, but that there was no evidence of infection 
or tenderness in the area 

This was the first case in which regional infiltration was attempted 
In spite of the fact that penicillin had also been used intramuscularly, 
tlie apparent beneficial efifects of the local infiltration encouraged its tnal 
in further cases without parenteral administration of penicillin 

Case 7 — T E , a 42 year old female hospital employee, presented herself to the 
emergency room with a sore on the back of her neck, which she had noted three to 
four dajs previously This lesion had gradually grown worse 

Physical examination revealed a well developed woman with a temperature of 
97 8 F , pulse rate of 84 and a respiratory rate of 20 On the back of her neck 
was a carbuncle with several heads The erythematous area measured 3 cm in 
diameter Induration involved an area about 4 to 5 cm in diameter It was 
tender and painful out to the margin of induration There was a small drainmg 
sinus m the center of the lesion No nodes were felt 

Local mfiltration with 20 cc of solution contaimng 100,000 imits of penicillin 
was made at the outer margin of erythema The patient suffered a moderate 
amount of pain Some fluid was forced from the central core. Shortly after infil- 
tration, the pain had disappeared The following day the lesion had regressed, and 
tenderness was less The same treatment was repeated On the fourth day after 
her first treatment the indurated area was only 3 cm in diameter The tenderness 
lias gone except about a small peripheral head A third infiltration was performed, 
and a fourth was done two days later, at which time there had been little change. 
A week after the initial treatment the lesion was healed with no evidence of an 
active infection There was a residual area of induration with some cyanosis of the 
oierhing skin A month later there was a small circular scar, 3 mm m diameter 
The tissues in the back of her neck were soft and pliable 

Here was a patient who was treated without surgical intervention 
and hospitalization or removal from her job with excellent results by 
local infiltration with penicillin 

Cultures w ere not taken from all of the patients with drainage, but 
those that were taken show'ed Staphylococcus aureus and/or nonhem- 
ohtic Streptococcus 

The results of these cases were most gratifying and undoubtedly 
much more satisfactory than those which follow conventional surgical 
treatment Deforming scars were avoided and in many instances the 
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jnticnts could continue llicir occupntion*; ] lo^jimli/^ilion lie lit . i*- 
ncccss iry, as great!} shortened J he nnnnnal daiK dn^acc and mnnher 
of treatments ha\e not been established a^ \et 

CONTI i SION \Nn ‘-1 M a \i a 

Regional infiltration of localized infection^ v itli penicillin ■-oluiion 
IS a superior method of therajn \s much as 200 00 units ran be 
infiltrated .it an} one time into the subcutaneous ti'^sucs .ibout m iiifei - 
tion e\ithout c.ausing tONic reactions or slouchs Total disabilit\ is 
gre.ith reduced i\ith this method of thcrape and the de.ormitie- that 
result from suigical incision or excision arc aeoidcd ]nflammator\ pain 
IS fiuickh rche\cd after infiltration and this relief is gencralh pirmaiunt 
after the first or second treatment Infiltration is moderate h p uniul 
hut the jiain does not last more than ten to t\\ent\ minutes n tlic jiciii- 
cillm solution contains 0 a per cent procaine IndrochlorKk 

Dr P B Price ga\c encoiirapcmcnt and iKlpful cnticum 
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XIX CONDITIONS INVOLVING THE ELBOW, THE FOREARM, 

THE WRIST AND THE HAND 

Prepared by 

WALTER C GRAHAM, M D , SANTA BARBARA, CALIF 

Surgical Anatomy — Kropp®®- reported a communication between 
pisotnquetral and radiocarpal joints in 76 per cent of fifty-six joints 
examined in 28 subjects Usually this joint is described as completely 
separated from the cavity of the radiocarpal joint In only two 
anatomic atlases was he able to find evidence of the communication 
betw'cen pisotnquetral and radiocarpal joints 

Sunderland made a study on the action of extensor digitorum 
communis, interosseous and lumbrical muscles The purpose of this 
paper %vas to record observations on the actions of these muscles in 
cases of lesions of penpheral nerves in which conditions were favorable 
for examination of isolated and combined muscle action The flexor 
action of the inter ossei at the metacarpophalangeal joint and the 
extensor action of the lumbncal muscles and the extensor digitorum 
at the interphalangeal joints are contentious points and are given special 
consideration The lateral movements of the digits are not included 
in this study After a review of the literature, the anatomy is dis- 
cussed and cases for study are selected in which the third and fourth 
lumbrical muscles and all interossei participated Evidently tliese 
muscles require assistance of other muscles for their proper functioning 
The significant feature of a motor response is the integrated character 
of the muscular mechanism responsible for it It is misleading to 
speak of isolated, individual and specific actions of the extensor, lumbri- 
cal and interosseous muscles They function as a well integrated and 
coordinated group in every movement of the digits, combining to give 
that delicacy, refinement and precision of action which forms the basis 
of manual dextentj" Synergistic control prevents excess expenditure 
of energy and relieves tension 

692 Kropp, B N Note on Piso-Tnquetral Joint, Anat Rec 92 91-92 (May) 
1945 

693 Sunderland, S Actions of Extensor Digitorum Communis, Interosseous 
and Lumbrical Muscles, Am J Anat 77 189-217 (Sept ) 1945 
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K-iplan'-** reported obscnalions on 40 hands di='=cctcd personalh 
and 60 ol)'^crvcd nlnle hemp dit^cccled ?n nicciical sludcnls He noted 
there was a constant relation between the tendons of the fic'or sublinii'; 
and the flexor profundus to the indc'- finger witli tlic median ncnc 
and tlic pabnans longus tendon Tlie pabnanc longus tendon ]■: u’^'’d 
as a key to locate other structures in the \snst The median ncnc 
and the flexor profundus tendon to the index finger he direct!} beneath 
the palmans longus tendon, the profundus being more dorsalK placed 
To the radial side of the median ncnc and the tendon ni the flexor 
profundus indicis is found the flexor hallucis longus tendon 1 o the 
ulnar side of the deep flexor of the index, but beneath the flexor 
subhmis to the middle finger, is found the flexor stibbmis to the indc-x 
finger and further ulnan\ard the flexor profundus to the third the 
fourth and the fifth finger in the order named The tendons oi the 
flexor snhhmis to the fourth and the fifth finger he anterior to the ten- 
dons of the rcspcctne deep flexor muscles \ fhsciissuin of the ana- 
tomic earialions for the \anons nenes and tendons is gnen J he 
palimns longus was absent in 11 per cent of the cases iccording to 
Le Double and in 3 of the author’s cases and the median ncr\c ma\ 
be dnided into two trunks There is frcqiienth extcnsni fusion of 
the tendons of the flexor sublimis and the flexor proiiindus to the 
fourth and the fifth finger Various acccssorv tendon slipn im\ be 
found as well as eariations in the usual tendon pattern 

Another rc\icw was on the significance of insertions of the extensor 
communis digitorum m man, also reported b\ Kaplan Tht tindon 
of the extensor communis digitorum was dissected m 23 frtsli and 
emb limed human cada\crs It was found that the short insertion into 
the base of the jiroximal phalanx occurred in onh 3k 3 per eent of the 
140 fingers examined \natomic nnestigation showed that this invr- 
tion e'ontrar} to accepted Itclicf is not esctntial lunclionalh The 
action of the extensor apparatus and of the inlnnsjc muscles el the 
hand was studied both in the cidaeer and b\ electrical stmiuhtu i in 
more than lOO Iniiig snhje-cts This sti,d\ eanphasi-cd the importance 
of the connection between the extensor tendon and tiic cop'ub o* the 
metacarpophal iiigcal joint in the normal extension of the j>’u'an;_e' 
Jhere is a detaile'd description <'f the miterial ind method- e'ij>retd 
md expenuuntal findings, followed In a disci’--H n 

()e/i o< /lOiiefn/ e P. tercet < — \ ‘hor gtiuial do^.-’i "e . e' 
chondiitis dis-ccmis is presented In Mi!!m'’n '' \ doci -s i 
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presented m the literature is given which indicates that the 
procedure would be surgical excision of the bodies A report is : 
of a case m uhich surgical treatment was given 

Kienbock’s disease constitutes a convenient clinical designat 
this term does not represent a definite pathologic entity accoi 
Etcheverry In 1940, the author presented a report on clin 
roentgenologic findings in 2 cases of Kjenbock’s disease The 
described m the present paper was 24 years of age and had 
from influenza at 17 years, but had no history of injury 
montlis before admission she suffered slight pain m her lei 
Roentgen examination suggested tuberculosis of the radiocarp 
and the latter was immobilized for five jnonths On remova 
cast, however, symptoms recurred Examination revealed 
swelling of the dorsal surface of the left wnst with slight palmai 
and cubital inclination Hyperextension was painful Roentgen 
nation revealed changes in the semilunar bone The role of 
trauma and syphilis is discussed Infection constitutes a pred 
factor Latent inflammation may cause symptoms of aseptic 
of bone Other possible causes include embolic changes, n 
treatment of fractures, scaphoiditis and primary occupational i 
A possible embolus dunng influenza is suggested This cone 
known as an occupational disease of workers employed in con 
air operations A detailed description of the specimen is pr 
No changes m the vessels could be demonstrated Anatomic 
indicates an internal paramedian incision corresponding to the 
radiocubital articulation below which one will find the semilun 
m normal subjects 

The various theones as to the causation of Kienbock’s disi 
rev lewed by Persson Conservativ'e treatment and extirpatio 
lunate bone have both yielded unsatisfactory results Hulten 
explained the predilection for this condition at the wrists as due 
trusion of the radius over the ulnar end, the so-called minus 
In 1932 Hulten reported a case in which roentgenologic healing c 
two years after shortening of the protruding radius In 3 ( 
which Persson tried shortening of the radius a satisfactory 
tendency was gradually observed m the lunate, but m 2 cases £ 
ture of the radius occurred m the first plaster of pans bandage 
the place of osteotomy on the radius approximated the ulna ai 
ing took place m that position, with resulting limited pronat; 

697 Etcheverry, A J Los fundamentos anatomicos de la enfem 
Kienbock, Amatus 3 300-310 (May) 1944, Rev espan cir, traumatol 
1 331-339 (Nov) 1944 

698 Persson, M Pathogenesis and Therapy of Kienbock’s Disease 
Theon in Light of Efficacy of OperaUve Shortening of Radius (Hulten) i 
Operation (Lengthen^ of Ulna), Acta chir Scandinav (supp 98) 92 1-1 
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articular location, have a uniform pathologic anatomic basis, namely 
the subchondral epiphyseal necrosis, usually of circumscribed form 
The peculiar and constant anatomic position of the necrosis in the 
different joints with only rare exceptions is evidently determined by 
the peculiar structure of the joint involved The static position of a 
certain portion of the epiphyseal bone m the head of the joint favors 
development of necrosis as a result of exhaustion fracture The course 
and eventual outcome of necrosis of epiphyseal bone depends, further- 
more, on the mechanics of the involved joints In joints with predomi- 
nant hinge mechanism one usually encounters the dissecans type, and 
m ball and socket joints the deforming type A new diagnostic sign 
for osteochondritis dissecans cubiti is described , i e , circumscribed 
sensibility to pressure and percussion of the head of the humerus demon- 
strable between 14 and 18 years of age The sign is demonstrable 
only with the elbow in pronounced flexion The so-called axial roent- 
genogram of the elbow joint is indispensable for more accurate demon- 
stration of the focus The autlior recommends posterior arthrotomy 
with a small incision between the olecranon and the lateral epicondyle 
for exposure of the necrotic focus and for the removal of free joint 
bodies if the latter are still in the “mouse bed” or m the posterior 
joint sac 

Instability and Dislocation of Smaller Joints — A discussion of the 
possibilities of a painful distal radioulnar joint after Colles’ fractures 
is presented by Regan and Bickel In inadequately reduced Colles’ 
fractures the distal ulnar joint will frequently slip dorsally on rotation 
A review of various surgical procedures for correcting this was pre- 
sented Two cases were presented in which treatment was by forming 
a sling with fascia lata to prevent subluxation of the ulna The fascia 
lata was threaded through a hole in the distal radius and about the 
ulna General discussion of ligamentous and fascial operations to pre- 
vent subluxation of vanous joints was presented 

Eggers presented a surgical procedure for correction of disloca- 
tion of the first carpal metacarpal joint A surgical procedure is 
described in which a portion of the extensor carpi radiahs longus is 
split off and threaded through a hole near the base of tlie metacarpal 
and sutured back on itself Plaster fixation was earned out for a 
period of two weeks, followed by active motion In a follow-up of 
ten months there is no evidence of redislocation 

701 Regan, J M , and Bickel, W H Fascial Sling Operation for Instability 
of Lower Radio-Ulnar Joint, Proc Staff Meet, Mayo Qin 20 202-208 (June 13) 
1945 

702 Eggers, G W N Chronic Dislocation of Base of Metacarpal of Thumb, 
J Bone Su Joint Surg 27 500-501 (July) 1945 




70 


ARCHIVES OF SURGERY 


A discussion of fracture dislocations of the elbow in children with 
dislocation of the internal epicondyle into the joint is presented by 
Sclimier A dislocation ot the internal epicondyle into the joint is 
often unrecognized wnth resulting serious disability A method of closed 
reduction of the dislocated epicondyle is presented Tlie method includes 
supination of the forearm and extension of wrist, elbow and fingers, 
thus putting tension on the muscles attached to the epicondyle, which 
will in turn reduce it from the joint The method is not suitable for 
old cases , in such cases an open reduction is necessary There may be 
a stretching of the ulnar nerve at time of dislocation in which a later 
neurolysis may be indicated Some cases were presented with a dislo- 
cation of the elbow and fracture of the medial epicondyle, which was 
dislocated into the joint 

Boutrous, Blain and Chipman report 20 cases of fractures of the 
elbow treated by nonsphnting and early mobilization The first 12 cases 
reported were apparently mild or questionable fractures without dis- 
placement which were handled by a sling and early motion In the 
second group of cases the fractures were severer and witli some dis- 
placement of fragments In this group of cases closed reduction was 
necessary, with the exception of 2 which required open reduction In 
the second group, splinting was used for a short period before tlie insti- 
tution of active and passive motion It va as the authors’ feeling that a 
short period of plaster fixation was indicated m many fractures of the 
elboAA No roentgenograms were shown of the severer fractures, so that 
the actual situation of fractures cannot be evaluated 

Cox, Parnell and Sobatier report their experience in acute mjunes 
of the hand in the Mediterranean Theater of Operations Their early 
experience Avas disappointing, and after a plea for discontinuing plaster 
fixation and traction splints for severe Avounds of the hand caused by 
high explosive missiles, a method of treatment consisting of debnde- 
ment, preserving all Ausible tissue, immobilizing with pressure dressing 
and Avith the proximal joint in 80 to 90 degree flexion is outlined 
It is the thought of the authors that the immobilization of the soft 
tissue and prevention of SAvelling and induration as suqh Avere more 
important than the position of the fracture and that the fracture, tendon 
and nerv'e repair could be handled after the acute injurj' had healed 

705 Schmier, A A Internal Epicondylar Epiphysis and Elbow Injuries, 
Surg, GjTiec & Obst 80 416-421 (April) 1945 

706 Boutrous, T A , Blain, A , III, and Chipman, W A Nonsphnbng 
Treatment ot Elbow Joint Injuries Report of Its Use in Twenty Cases, Am J 
Surg 68 212-218 (Maj) 1945 

707 Cox, F J , Parnell, H S , and Sobatier, J A New Type of Hand 
Dressing to Improve Function, M Bull Mediterranean Theat Op 2' 168-169 
(Dec.) 1944 
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the Zone of the Intenor indicated that considerable crippling of hands 
could have been prevented with proper early treatment in the theater 
of operation The most common disabilit)^ was stiffening of joints from 
position of the hands and excessive induration and malunion of fractures 
The author recommends that splinting should include only the injured 
portion of the hand He also advises early action of the muscles and 
tendons to improve arculation Granulating areas should be covered 
with a thin split skin graft This can later be replaced by a pedicle 
graft Malunion can be prevented by early traction in the direction 
whicli gives the proper ahnement Many illustrations to show proper 
metliod of traction are included 

Nachlas presents a comprehensive discussion of the mechanism 
of developing a fixed extension contractor of the metacarpophalangeal 
joint of tlie hand following injury He describes the difficulty in 
restonng function to the metacarpophalangeal joint and presents a type 
of splint for correction of this deformity Excellent illustrations of the 
splint are presented The splint itself consists of the type frequently 
used 'in fractures of the wrist, with addition of the palmar bar which 
extends anterior to the palm for the purpose of bnnging traction straps 
over to produce constant traction on the metacarpophalangeal joint 

A complete and comprehensive review and recommendations for 
immobilization of the hand are presented by Pratt The author 
emphasizes the importance of observing the best possible functional 
position of the wnst and digits in immobilization of the hand Only 
the minimum amount of rigid fixation compatible with the injury 
involved is indicated The metacarpophalangeal or interphalangeal 
joints should never be immobilized in extension A satisfactory tem- 
porary board and wire splints are shown with wnst cocked up, fingers 
flexed and thumb free For effective immobilization, splints or casts 
must be form fitting and must include at least two thirds of the cir- 
cumference of the limb The joints immediately above and below the 
fracture should be included If stabilization is required after reduction, 
skeletal fixation or fixation with a nonpadded or lightly padded cast is 
recommended In recent injunes and for more inexperienced surgeons, 
padding is safer The cast must be bivalved The optiihum positions 
for the various joints in fixation are described, including elbow, wnst, 
palmar arch and thumb The latter should never be immobilized m 
the flat or side position, and the fingers never beyond the metacarpo- 
phalangeal joints, unless this is definitely indicated and then briefly m 
semiflexed position Special care m immobilization for fractures of the 
metacarpals and phalanges is urged The metacarpophalangeal joints 

712 Nachlas, I W Splint for Correction of Extension Contractures of 
Metacarpophalangeal Joints, J Bone & Joint Surg 27 507-512 Quly) 1945 

713 Pratt, D R Suggestions on Immobilization of Hand, Arch Phys Med 
26 649-653 (Oct) 1945 
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10 degrees with fingers extended New plaster was applied in the 
position of maximum correction and left on for three weeks Two 
further changes of plaster were needed before the wnst came into 
dorsiflexion with fingers extended It was decided to persevere with 
splintage Hyperextension deformity at the metacarpophalangeal joints 
still persisted and would probably grow worse if the full length plaster 
was persevered with Therefore, an antenor plaster slab to hold the 
wnst m 15 degrees of dorsiflexion was applied with individual splints 
for each finger (Jones) made from 2 inch (51 cm ) cellulose plaster 
bandages The patient was encouraged to flex and extend actively at 
tlie metacarpophalangeal joints and to report any tendency to flexion 
These splints and “cock-up” were renewed twice After two months 
tlie finger splints were discarded, the cock-up splint being retained 
Active and passive flexion and extension of fingers were present The 
cock-up splint was removed after three months There was no tendency 
to relapse 

Thenar Palsy — A histoncal discussion of papers dealing with 
atrophy of the muscles of the thenar eminence is presented by 
Zachary An excellent review of the literature is given and reports 
of cases are summatized Two cases are reported in which a paralysis 
of the thenar muscles supplied by the median nerve are presented It 
is the author’s feeling that the paralysis is due to compression of the 
median nerve as it passes through the carpal tunnel In botli cases 
presented there was a history of old injunes to the wrist, and in 1 of 
them there was a rather sharp bony protruberance over which the nerve 
passed In the first case the paralysis was bilateral, and there was 
little benefit from surgically freeing the nerve The follow-up was for 
only three months There was complete recovery in the other patient 
as a result of freeing the nerve in the carpal tunnel Vanous theories 
of causation are discussed, and it is his feeling that a portion of a nerve 
may be involved, thus accountmg for motor weakness and normal 
sensation 

De Qvervain’s Disease — Aitken reports a series of 15 cases of 
de Quervain’s disease It is his belief that the condition is due to the 
divergence of the tendon of the abductor pollicis longus and the 
extensor polhcis brevis as it passed the distal end of the bony groove 
in the distal radial stjdoid He considers that the tension exerted 
repeatedly at a sharp angle produced the thickening of the fibrotic 
sheath He also feels that there is a definite relation between this 
condition and so-called tngger finger or thumb The condition is more 
frequently found in women than in men, and it is felt that there will be 

716 Zachary, R B Thenar Palsy Due to Compression of Median Nerve 
in the Carpal Tunnel. Surg , Gyncc &. Obst 81 213-217 (Aug ) 1945 

717 AitPen, A P Stenosing Tendovaginitis at Radial Styloid Process (de 
Quervam’s Disease), Ne^\ England J Med 232 105-107 (Jan 25) 1945 
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cretinism, achondroplasia, etc, which are diagnostic of the diseases 
They feel that a roentgenogram of the hand should he a routine exami- 
nation and that it would be extremely helpful m differential diagnosis 

A short review of the literature on congenital fusion of carpal and 
tarsal bone is presented by Henry It is the author’s conclusion that 
fusion of the carpal bones is hereditary and that the trait is transmitted 
according to the mendelian law as a dominant factor which is not sex 
linked A report of a case is included 

Wendt, O’Hare and Aronstan^-^ present an interesting case of 
sclerodactylia with atrophy of the terminal phalanges The patient was a 
Mexican woman of 43 jears who had suffered from tenderness of the 
fingers for the past six or seven years No previous roentgen exami- 
nation had been made, and no diagnosis had been offered Her fingers 
and hands were indurated, swollen and red Pressure at the base Of 
the finger nails caused exquisite pain Roentgen examination revealed 
adixmced absorption m all the terminal phalanges in both hands except 
the fifth finger of the left hand Although a small fragment of bone 
remained in the distal ends of four of the fingers, the absorptive 
process had generally progressed so that only a small portion of each 
phalanx was present distal to the joint The second and third phalanges 
of each digit were somewhat narrowed but showed definite evidence of 
atrophy The diagnosis was sclerodactylia associated with destruction 
of the terminal phalanges 

XX CONDITIONS INVOLVING THE SPINE AND THORAX, EXCLUSIVE 
OF THOSE IN THE LOWER PART OF THE BACK 

Prepored by 

JOHN R. COBB, MD, NEW YORK 

Roentgenogtaphy — Rush^^® descnbes and illustrates a device for 
spinal fixation and stabilization for roentgenograms of the spine in the 
standing position The author feels that this device is helpful, especially 
when many patients are to be examined and with changing technical 
personnel 

In pointing out the advantages of this device, he states that fixation 
and stabilization are assured, that a multiplicity of positions may be 
obtained by simple maneuvers, that accurate posteroanterior, antero- 
posterior, lateral and angle positions are assured and can be reproduced 
at uill, and that it provides an accurate means of measuring laigth of 
the legs 

721 Henrv, M G Anomalous Fusion of Scaphoid and Greater Multangular 
Bone Arch Surg 50 240-241 (May) 1945 

722 Wendt, D D , O’Hare, 1 , and Aronstein, E Sclerodactylia with 
\tropln of Terminal Phalanges, Radiog fi. Chn. Photog (no 1) 21 20, 1945 

723 Rush, W A A Roentgenographic Spinal Fixation and Stabilization 
Deuce \m J Roentgenol 54 187-189 (Aug) 1945 
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[Ed Note This device vould probabh be of \alue in stud 3 ing 
certain spinal lesions when it is desirable to take roentgenograms at 
intervals wnth exactlj' the same position and angle ] 

Slauson presents a method for roentgenography of the lateral 
lumbar part of the spine He \’aried the tube-film distance in order to 
obtain satisfactory roentgenograms demonstrating clear!} each inter- 
vertebral space, utilizing the divergence of the roentgen beam and 
distance 

Wilsey, Holly and Cornwell review the problems of lateral roent- 
genography m the lumliar lumbosacral region The authors point out 
that lateral roentgenography of the lumbar and the lumbosacral region is 
usually conducted as two separate examinations, since that procedure is 
most easily adapted to routine exposure technic There are occasions, 
how'ever, wdien for anatomic and economic reasons it is desirable to 
visualize the lumbar and the lumbosacral region together by means of a 
single lateral projection on one 14 by 17 inch (35 6 by 43 2 cm ) film 

To accomplish this, it requires special precaution in order to secure 
1 oentgenograms of good technical quality The authors discuss the 
technical difficulties involved and the methods of o\ ercoming them The 
discussion covers the use of high kilovoltage technic as a means of ms- 
uahzing an extensive range of tissue thickness, control of scattered 
radiation, and roentgen ray filtration for balancing the lumbar and the 
lumbosacral images They give illustrations to show the contours of lead 
mass that have been found practical for alinement w ith the patient’s back 
to shield the Potter-Buckey diaphragm from diiect radiation Roent- 
genographic reproductions illustrate improved Msualization using lead 
mass anterior and posterior to the vertebral column compared w ith those 
wuthout the lead mass which are fogged by scattered radiation 

Wagoner, Hunt and Pendergrass'-® continue their work (some of 
W'hich has been previouslv reported) on the \anous roentgen sliadows 
of human vertebral bodies m an excellent article on a stud\ of the rela- 
tive importance of cortex and spongiosa m the production of the roent- 
genogram of the normal -vertebral bod} They discuss the relative 
“shadow values’’ of the cortex and of the spongiosa of the vertebral 
bodies, the transverse markings seen in tlic lateral roentgenogram oi 10 
to 20 per cent of human vertebral bodies and the minimum sj^c oi a 
lesion in the spongiosa detectable roentgenographicallv 

724 Slauson, D B A New Principle in Rocntvenograpln oi tlic I attral 
Lumbar Spine, Radiologv 44 280 282 (March) I94a 

725 M ilscv R B , Holh E M and Cornwell \\ S Special Problems in 
Lateral Radiograplu of Lumbar I umbosacral Region Radiog tv Clin Pliotoir 
(no 1) 21 2-8, 1045 

726 Wagoner, G \\ , Hunt \ D and Pendergrass P P \ '^mdv oi tl < 
Relative Importance of the Cortc\ and Spongioc-i m the Production m tic Ro-rt- 
genogram of the Xormal \ ertebral Bode Nni I Roentginol 53 40-4^ ( Ian j intS 
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TJiey describe a senes of experiments for investigating these points 
Ihey conclude that tne spongiosa is the more important component m 
the production of me roeiiigenographic shadow pattern of the normal 
vertebral body, tnat t le ‘transverse line” is due to the presence of a well 
developed sinusoidal reservoir located within the spongiosa and that the 
cortex plays no part m the production of this marking They also con- 
(.lude that large defects of the lateral cortex are not recorded m roent- 
genograms and that much smaller defects of the spongiosa are clearly 
seen 

1 he author points out that these studies explain why m many 
instances it is difficult to demonstrate metastatic lesions whether of 
malignant or infectious origin even m the presence of strong clinical 
evidence that a lesion may be present, and m practice one not infrequently 
has to deal with confusing shadows of other structures 

[Ed Note This paper has numerous, excellent roentgenograms and 
photographs and is well worth complete study by those interested in 
roentgenography of the spine ] 

Diseases of the Spine — Johnson and James report an unusual case 
of suppurative typhoid of the spine m which a paravertebral abscess 
formed which perforated into tlie lung The length of the latent penod, 
the confusing symptoms and the efficaciousness of treatment were of 
special interest 

The patient, aged 34 gave a history of typhoid twenty-two jears 
liefore and complained of intermittent lumbago and sciatica of ten years’ 
duration Serum agglutinations for typhoid were positive, and aspira ion 
of the abscess showed pure typhoid cultures Treatment consisted of 
administration of sulfathiazole, incision and drainage of the abscess, bed 
rest and use of a back brace He was followed for tw'o years with pro- 
gressive improvement and a gam of 70 pounds (31 8 Kg ), and his sedi- 
mentation rate returned to normal 

DeGirardier reports a case of painful spine wnth roentgen evidence 
of rarefaction The patient was relieved by adequate vitamin C and bed 
rest The author feels that this case confirms the work of Mourquind 
w'ho stressed the importance of vitamin C m calcium metabolism and ' 
who also showed cases of decalcification following avitaminosis C [Ed 
Note One wonders whether the patient’s relief w'as due to bed rest 
or vitamin C ] 

Franck discusses the surgiCal treatment of m^'erspinal osteo- 
arthrosis (“kissing spine”) He reviews the various causative factors 

727 Johnson E K. and James A Suppnrative Typhoid Spine Perforating 
into the Bronchus Case Report Am J Surg 68 103-106 f April) 1945 

728 deGirardier J Painful Vertebral Osteonathv with Epiphysial Rarefac- 
tions Due to Chronic C Avitaminosis, Lvon chir 37 146-150, 1941-1942 

729 Franck, S Surgical Treatment of Interspmal Osteoarthrosis (“Kissng 
Spine”), Acta orthop Scandina\ 14 127-152, 1943 
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issed by Bastrup m 1932, including increased lordosis, an increase 
e mass in the spinous processes as seen in osteitis deformans, atrophy 
e vertebral bodies and the intervertebral disk, spond} losis detormans 
congenital high spinous processes and low \ertebral bodies or both 
nahes together 

le points out that, v hile the lesion occurs more frequentl) m elderly 
:nts, from his experience it may be encountered in the }ounger age 
p He reports the symptoms as occurring in attacks or being of a 
: chronic course with pain on bending forward and backward or 
ting the lumbar column In the acute form he suggests only rest 
heat He notes that the chronic forms have been treated with 
obihzation and with roentgen rays The operative treatments that 
; been tried consisted of spinal fusion or partial or total resection of 
jpmous processes involved 

rhe author reports 54 patients wuth “kissing spines” , of these, 12 
; treated operatively with partial resection of the spinous processes 
:ted Of the 10 operative patients, 4 w'ere relieved, 4 showed 
'ovement and 2 remained unchanged 

rhe operation was performed only on patients in w'hom injection of 
aine had relieved the pain 

Ed Note Interspmal osteoarthrosis (or “kissing spine’ ) is a 
iite clinical entity, and m selective cases this operative procedure 
ell worth considering ] 

Dppenheimer states that anatomic lesions of the spine ha\ e a 
incidence but produce clinical manifestations m only a minontv' of 
5 He reports a series of 1,824 vertebral lesions of all kinds in 
h the correlations between clinical and roentgen findings haie been 
^zed during the past nine years , there w'ere clinical signs and sj mp- 
; referable to the vertebral lesion in only 28 per cent of the patients 
discusses the diseases of the vertebral column, separating them into 
groups (1) diseases of vertebral bone (spondylosteitis) ( 2 ) dis- 
5 of vertebral symphyses, (3) diseases of vertebral sMiOMal joints 
ind 3 'larthritis) and (4) diseases of vertebral ligaments 
de divides the first group (diseases of vertebral bone) into the- 
w'lng groups according to dominant morphologic characters 
osing, predominantly rarefvmg, predominant!} condensing and/or 
irtrophic, lesions of growing bone and tumors 

de divides the second group (diseases of vertebral SMiiplnses) into 
subgroups diseases originating in vertebral bone and diseases 
mating in vertebral disk, and he subdivides the diseases of \ertebral 
ivial joints into acute arthntis. rheumatoid (atrophic) arthntis, 
Darthritis (hypertrophic arthntis degeneratne articular disease) 
secondar}" involvement 

30 Opjienheimer A Di'icascs of Vertebral Column Roentgenologic Anah sis 
J Roentgenol 53 348-369 (April) 1945 
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lie concludes that in general the morphologic appearances and clinical 
manitestations ot a gi\en \ertebral disease correspond to those of tlie 
same disease imohing other bones and joints 

Barcelo and Vilaseca-Sabater present a clinical and roentgenologic 
studi of spondihtis due to brucellosis Thej'^ report 40 cases in nhich 
the age group nas 30 to 50 most commonly Men nere effected si\ 
tunes more frequentl) than nomen In 75 per cent of the cases the con- 
dition occurred in the lumbar region, in about 12 5 per cent m tlie 
cenical region and in 12 5 per cent in the dorsal area In 4 1 per cent 
there nere multiple foci The vertebral involvement more commonly 
occurs after tno or three attacks of fever, it may occur, however, at 
an\ tune in the disease It rarely occurs before the first month but 
frequentlv nithin the first and second months of tlie disease, tliough 
occasionalh much later The rertebral localization was rarely tlie first 
sMiiptom and the initial symptoms varied considerably Pam may 
increase rapidlv The muscles and involved vertebrae may be tender, 
lordosis IS usuallv decreased and there is splinting of the spine The 
authors point out that it was formerly thought that no abscesses occurred, 
but in their series about 12 5 per cent had formation of abscess until 
relatneh rapid formation which tended to be subacute and regressed 
These abscesses did not usually cause a sinus but occasionaly drained 
spontaiieousb and absorbed easilv after puncture The pus uas usually 
tliick and lellowish green The culture was rarely positive 

Spastic paraplegia was present in 1 case The protein m the spinal 
fluid may be increased, and patients occasionally have meningeal reac- 
tions The roentgen picture is not tropical, it may show osteoporosis, 
osteohsis and osteosclerosis, and it mav be similar to tuberculosis or 
streptococcic im oh ement 

In the ccrMcal area there is a predilection for the anterior superior 
angle and the epiphjseal area In 88 per cent of the 40 cases there 
•were epiplnseal lesions A narrowed disk with loss of the upper 
anterior angle is suggestive of this disease In 65 per cent there w'ere 
destructn e lesions The posterior elements were rarely attacked and gib- 
^bous formation w as rare In 96 per cent of the cases tliere w ere thinned 
disks In only 1 case in the 40 was there no apparent disk lesion in a 
disk The bodies involved tended to fuse In the cases of acute disease, 
osteoporosis without any other bone changes may be noted In 70 
per cent of the cases there w ere local or diffuse osteophytes Roentgeno- 
logicalh the authors di\ ided the group into osteoh tic, w ithout formation 
ot bone and similar to Potts disease (tuberculosis of \ertebrae), 23 
per cent mixed fomis ot relatuely equal destruction and proliferation, 
38 per cent and (3) hard or osteophjtic reaction with little osteoljsis 

7tl PArcclo P and Vda<;cca-Sabater, J it Undulant Feier Spondjhtis 
Clinical and Rocntpcn Stud^, Med dm Barcelona 3 184-198 (Sept) 1944 
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This group as hard to distinguish from osteoarthritis The progress is 
more rapid than m Pott’s disease and usually more acute The localiza- 
tion IS usually in the spong}^ bone, and proliferative changes are early 
m this condition while late m Pott’s disease The differential diagnosis 
especially from osteom\ehtis is difficult It may be almost identical ^\lth 
osteomyelitis due to typhoid and differentiated only by serologic tests 
The prognosis is good if treatment is earty The pain disappears rapidly 
and the abscess absorbs Sometimes recovery is so complete that it is 
difficult to find residual effects by roentgen examination 

For treatment bed rest may be sufficient if pain is not se\ere, but 
the authors recommend early immobilization to relieve pain and point 
out that the pain is usually not relieved by analgesic drugs 

Roentgen treatment gave inconstant results They recommend anti- 
brucellosis serum, and they use vaccine if the fever is slight They 
now use a specific intra\enous vaccination and vhen in doulit use this 
as a therapeutic test They feel that a strong febrile reaction after the 
intravenous administration of vaccine is a specific test for brucellosis 
The first dose is given slowly in the morning with the patient fasting 
Usually a chill occurs five to six hours later and lasts about thirty 
minutes, follow'ed by a sensation of heat for three hours and elevation of 
temperature to about 104 F 

[Ed Note This is an interesting paper on spondjhtis due to 
brucellosis Some of the roentgenographic reproductions (especially 
those with abscess formation) might easily be considered tuberculosis ] 

Anomahcs and Fractuics of the Ribs — Hagen reports an interest- 
ing case of multiple fractures of the mbs m which treatment was with a 
Drinker respirator He briefly leiiew's the physiologic aspects ot the 
problem of the so-called “sto\e-in” chest and summarizes the \arious 
methods wdiich have been used and suggested for the treatment of the 
patient wuth a severely crushed chest He reports a 46 year old man w ith 
fractures of the second to the eleventh rib on the right side and fractures 
of the second to the twelfth rib on the left with overriding of the frag- 
ments of the second, tlie fourth and the fifth nb 

The respirator was adjusted to proMde a negatne pressure of 20 
mm of mercurv intermittentlv at a rate of 36 c\cles jier minute The 
valves were carefullv adjusted to aAOid positue pressure, inasmuch as 
It was felt that the patient needed onR expansion of the chest b^ artificial 
means W’lthin an hour after being placed in the respirator the patient 
showed improvement Bt the next dat he was able to do without an 
oxtgen tent and to hate the rate of the respirator reduced to 28 per 
minute Three dats later he was comfortable with the rate oi the 
respirator at 21 per minute The patient was reniottd Irom the rtsjnrator 

732 Htgcn K Multiple Rib Fnctiircs Trcited with Drinker Ri^pintor 
Ca'-e Report J Bone Joint Surp 27 330-33J (^pril) 1943 
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ten da\s alter the injur}' and made an excellent recovery with good 
healing m all the fractures 

The author points out that the patient did not expenence shock, 
unlike most persons simularly injured, but did experience hypertension, 
which ina} haie been due to tlte profound retardation of circulation 
produced b\ the loss of normal fluctuating negative mtrathoracic pres- 
sure The In pertension was quickly relieved wdten the cardiorespiratoiy 
lunction was restored to normal by the respirator 

The aithor concludes that w'herever a Drinker respirator is avail- 
able It IS a much simpler treatment to apply than other procedures used 
to accomplish stabilization of the thoracic wall It avoids the obvious 
risk ot surgical treatment and the danger of infection associated wnth 
traction hooks in the sternum or the nbs It also exerts a gentle non- 
mcchamcal expanding effect on the “stove-in” chest 

[ Ld Xote W hile this is a report of only a single case, the dramatic 
improrement produced by the use of a Dnnker respirator suggests that 
It be tried more frequently in these problems ] 

Bond discusses spontaneous fractures of the nbs in healthy persons 
and reports 3 cases He feels that while man} cases of fractured nbs 
irom coughing in patients w'lth tuberculosis are reported, these fractures 
are attributed to the decalcification of the bones and the general debility 
nt the patient rather than to contracture of muscles In his opinion, it is 
a latigue tracture similar to the march fracture He feels that the 
mechanism is similar and the movements of the ribs are comparable to 
the moi ements of and stress on the metatarsal bone 

Proctor, Campbell and Abramson state that no mention can be 
found m the literature of fatigue fracture of the first rib They quote 
Ingersoll s statement that fatigue fracture is a desirable term that 
denotes those fractures occurring m normal bone from repeated micro- 
traumas and subfractural mechanical injur}' The process is a gradual 
one imohiiig continual rhythmic stress on the soft tissues supporting 
tlie bom structure When the muscles, ligaments and tendons lose their 
tone the supporting function of these tissues is lost, allow'ing most of the 
stress to tall on the bone When the bony structure itself is fatigued, 
tracture occurs where the stress is greater They behece that fracture 
of the first rib can occur under circumstances w'hich conform with these 
principles The authors report 3 cases in which fractures of the first 
nb were sustained after the cariwing of hea\} barrack bags 

73 1 Bond T C Spontaneous Fractures of the Ribs in Healthj Individuals 
Texas State T ^^cd 40 642-643 (April) 1945 

734 Proctor S E , Campbell, T A, and Abramson, A, S March Fracture 
oi First Rib CBarracks Bags Fracture), Bull U S Arme M Dept, June 1945, 
no $0 pp 101-105 
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BovMe and Jacobson discuss anomalous deielopment of the first 
nb simulating isolated fracture They present reproductions of roent- 
genograms of 9 out of a series of 17 personalh obsen^ed cases of 
changes in the first rib simulating fracture, and the\ amplify the hypo- 
thesis that these changes, callus-hke fonnation and pseudarthrosis, are 
due to anomalous development Thej emphasize the frequency of the 
occurrence of these changes and the probabiliti that these apparent 
congenital changes may be mistakenly diagnosed as isolated fractures of 
the first rib, particularly of the spontaneous varlet^ 

Gershon-Cohen and Delbridge also \\ rite on pseudarthrosis, s\ n- 
chondrosis and other anomalies of the first nb They bnefly reviev 
the usual anomalies of the first nb and demonstrate congenital synchon- 
drosis because of its similarity to pseudarthrosis follov mg unumted frac- 
ture They feel that pull of the muscles seems to be a just cause of 
fractures of the first nb as in the lower ribs and that such fractures ma\ 
occur without immediate recognition Later, however, they ma)' be 
observed incidentally in roentgenograms of the lungs Pseudarthroses 
may be found rarely m both first ribs Thev report 1 such case and 
review 3 other previously reported cases The\ conclude that most 
anomalies of the first nb are not clmicallv significant but the differential 
diagnosis between congenital synchondrosis, fracture pseudarthrosis and 
pathologic fracture may be important, and yet not easily made if there is 
an unsatisfactory history of injury or if metastatic malignant disease is 
suspected 

[Ed Note These three papers on anomalies and fractures of the 
first nb suggest tliat the differential diagnosis ma} be difficult e\en 
with adequate roentgenograms, and it is probabh impossible m the 
review of the literature accurateh to differentiate between fracture and 
anomaly in an} of the reports of cases ] 

Nco/ioJiJ — Sclwartzmann and Miles'” report their experimental 
results m the production of scoliosis in rats and mice The^ re\ lew 
bnefly the previous attempts of various workers to produce scoliosis 
experimentallv m animals In the expenments undertaken m this stud} 
the objective was (1) to determine the effect on the alniement of the 
A^ertebral column of muscular imbalance produced b\ unilateral excision 
of groups of symmetric muscles wdiich influence tbe mo\ ements and 
position of the vertebral column and (2) to determine the effect on the 
alniement of the vertebral column of muscular imbalance brougbt about 

735 Bowie, E R and Jacob'^on H G ■\nomaIou‘= Dciclopnicnt of Tir^t 
Rib Simulating Isolated Fracture \m J Roenteenol 53 161-165 (Feb) 1945 

736 Gershon-Cohen J and Delbndge R E Rvcndartbrosis ^S\nchondrosi^s 
and Other -Anomalies ot the First Ribs \iii T Roentgenol 53 46-54 (Tan ) 164'' 

737 Scliwartzmann T R and Miles M Experui cntal Production of Scolio i- 
in Rats and Iilicc, J Bone ^5. Toiiit Siirg 27 5Q 60 ( Tan i 1045 
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b) the operate e release of the muscles from their attachments to the 
r ertelirae and the prerention of their reattachments by the interposition 
of inert material betu een the muscle mass and the vertebra to u Inch it 
uas attached 

Ihe authors studied the eltects of unilateral removal of superficial 
and deep back muscles in rats They also studied bilateral removal of 
superficial and deep back muscles in rats and removal of superficial 
and deep muscles on one side, and release of muscle attachment to 
spinous processes, laminas and transverse processes on the opposite side, 
M ith the interposition of an inert material to prevent reattachment 

They also studied bilateral but asymmetric excision of superficial and 
deep muscles Their experiments include a series of 43 laboratory 
animals, and thev have demonstrated that scoliosis can be produced in 
quadrupedal animals uhen muscular imbalance is obtained in those 
groups of muscles affecting the alinement of the vertebral column It is 
also apparent that a definite time element is necessarj' for the scoliosis to 
be produced 

The authors conclude 1 Scoliosis can be produced experimentally 
in lalioratory rats and mice by the selective release of mechanical action 
of different groups of muscles on the vertebral column 2 A satisfactory 
degree of control can be maintained to allow the prediction of the type 
of cune to be produced 3 Selective muscular imbalance can be pro- 
duced u itliout excision of muscles by the use of inert material to prevent 
reattachment of muscles This imbalance will produce lateral curvature 
4 Excision and release of muscles which did not produce imbalance 
resulted in no scoliosis in the animals studied 

In the animals studied the use of “msultoic” membrane was found 
to be the most satisfactory, since microscopic sections through the areas 
of implantation of inert material showed that no local reaction of the 
tissue to the introduction of this substance was encountered, whereas 
considerable fibrosis and scarring were present around the insertions 
of cellophane and rubber dam [Ed Note The effect of this fibrosis in 
the production of tlie ultimate curries must also be considered ] They 
state that m this experiment there have been demonstrated, in vivo, some 
of the mechanical imbalances presented by Carey m an inanimate model 
Thus scoliosis has been produced by selective muscular imbalance, which 
simulates the mechanical condition of paralytic scoliosis [Ed Note 
It should be remembered that, as the authors point out, the} produced 
scoliosis in quadrupedal animals and that this experiment does not 
include the additional problem of human paralytic scoliosis, m which the 
effect of the supraincumbent u eight and the upright position is an added 
lactor ] In an effort to produce results earlier, the mice in experiment 
2 ucrc worked on a treadmill since it was felt that in a svstem of 
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muscular imbalance regular exercises \\ould increase the power of 
stronger or unopposed muscles and thereb)’^ w^ould cause the scoliosis to 
appear sooner They feel that this contention is supported b)'^ the 
results, since curvature appeared as early as one month after operation 
m these mice Definite evaluation of the influence of exercise on the 
time required for the production of curvature in such an experiment, 
how^ever, calls for a series comparable except for exercise m the same 
type of animal 

[Ed Note This is an interesting and \aluable experimental work, 
but one must remember that there is considerable difference between 
these experimental results and what one may find clinically m paralytic 
scoliosis in the human being In these experiments the effect was tlie 
total removal of the forces of certain selected muscles, whereas jn polio- 
myelitis involving the trunk or spinal muscles there may be considerable 
variation m the degree of involvement of muscles, and it is difficult to 
determine how much involvement there is in one group or wdnch muscles 
are actuall)^ involved Furthermore, these results are based on the 
excision of large areas of the musculature of the back, whereas m the 
human being there may be many thousands of possible permutations and 
combinations of muscular imbalance It is difficult or impossible 
to predict wdiat the forces are w’hen there are so many possible permuta- 
tions and combinations in human scoliosis due to poliomyelitis ] 

OsteochonduUs of the Rtbs — Lindblom briefly reports on the use 
of roentgenography as an aid in the diagnosis of osteochondritis in the 
anterior ends of the ribs He reports 12 patients operated on for estab- 
lished osteochondritis in 11 of whom roentgenographic changes were 
obseiw'ed He also reports 26 patients suspected of having osteo- 
chondritis but w'lthout operation, in 8 of w bom roentgenographic changes 
were present and m 18 absent The study also includes 16 normal 
anatomic specimens and a study of 4 patients operated on w ithout roent- 
genographic examination and 4 patients with costo-osteitis operated on 
during the same period 

He states that in all of the cases of osteochondritis the roentgeno- 
grams show ed a local sw elling of the soft tissues on the inner side of the 
cartilage or at the junction bctw'ccn the cartilage and the bone The 
suspected area w'as studied on tangential films The swelling ^arled in 
thickness in different cases from 2 mm to 2 5 cm In most instances 
the sw'elling was situated at the le\cl of the second rib In the other cases 
it was noted m the region between the third and the sixth rib Besides 
the swelling, signs of calcium deposit were present m 2 cases It was 
difficult to distinguish these from the nonnal calcifications of cartilage 

738 Lindblom K ‘5nbcoctnl Swcllmc of Soft Tic^uec in O-^teocbondntic, 
Act! ndiol 25 610 613 1*^44 



86 


4RCHn ES OF SURGERY 


'\t operation an abscess of granulation tissue was found around the 
cartilage or at the junction of the rib and the cartilage 

He concludes that local swelling of the subcostal soft tissues at the 
cartilage or the cartilage and bone line is strong evidence of osteo- 
chondritis, while if these parts have a normal appearance the presence of 
this disease is unlikely, provided that there are no fistulas through which 
an abscess might have drained The author describes the results of the 
study of the anterior ends of the ribs seen on tangential films and demon- 
strates that osteochondritis is usually accompanied by a noticeable 
swelling of the subcostal soft tissues [Ed Note Some of these cases 
were of tuberculous osteochondritis ] 

Intcrva tcbral Disk — Knutsson reports 140 cases and discusses 
the instability associated with degeneration of the disk in the lumbar 
part of the spine He points out that anatomic specimens of the lumbar 
part of the spine have shown that degeneration of the disk (osteo- 
chondrosis) causes abnormal movement between the vertebrae, and it has 
been assumed that the clinical symptoms of this degeneration are due to 
this instability In addition to the usual roentgenograms of the lumbo- 
sacral area taken v ith the patient lying down, the author includes profile 
roentgenograms taken with the patient standing and bending as far 
forward and baclavard as possible in order to make a functional test of 
the stability of the disk junction By this means he was often able to 
‘demonstrate abnormal movements between the vertebrae due to loss of 
siabiht} In 71 cases the results were negative, signifying that the 
lertebrae and the inten'ertebral spaces were free of changes and that 
there \\ as no instability Of the 69 cases with degeneration of disks, in 
52 only one disk %\as imolved, in 16 two disks were affected, and in 1 
three disks were affected 

\\ eens discusses calcification of the intervertebral disk in child- 
hood The author reports 1 case of calcification of the disk in childhood 
and reviews 5 cases from the literature All these cases were char- 
acterized bv an acute episode of pain in the yegion of the involved 
segment of the spine limited motion and spinal deformity Rapid 
change in the size of the calcification or complete absorption was noted 
in 5 of the 6 cases described Calcification of the nucleus pulposus in 
adult life is as a rule a stationary process of little clinical significance, 
but rather sinking clinical S3miptoms were encountered m the cases 
described in childhood In all cases reported complete recover}'’ occurred 

The author feels that recognition of this syndrome is important in the 
differential diagnosis of meningitis, m}ositis and diseases involving the 
\crtebrae and the spinal cord 

739 Knutcson F The Instabihtj Associated with Disc Degeneration in the 
Lumbar Spine Acta radiol 25 593-609 1944 

/40 ^\ eons H S Calcification of the Inter\ertebral Discs in Childhood, 
1 Pediat 26 178-lSS (Feb) 1945 
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Friedman and Read bnefly review the subject of orthostatic 
albuminuria, pointing out that mobilization of masses of }oung persons 
has stressed the importance of this condition They point out that the 
cause of this condition is still unknowm, but it is generalh behe\ed that 
orthostatic albuminuria is due to some disturbance of the renal circula- 
tion leading to congestion and venous stasis induced hv the upright 
position They describe provocative tests of lordosis and the use ot these 
tests in the lordotic tj^pe of orthostatic albuminuria The\ report a 
series of 5 orthopedic patients w'earing hyperextension bod\ casts for 
from two to four months or more for all of whom repeated studies of 
the urine disclosed no albumin and renal function remained unimpaired 
Six patients with unrelated medical and surgical conditions were placed 
m exaggerated lordosis for periods of one to tw'o hours All these 
patients had normal urine, and the appearance of albumin could not be 
induced The authors believe that these observations confirm the fact 
that although lordosis plays a role in the pathogenesis of orthostatic 
albuminuria m susceptible persons it has no influence m producimr 
albumin m normal nonsusceptible persons 

XXI CONDITIONS INVOLVING THE LOWER PART OF THE BACK 

Prepared by 

R BEVERLY RANEY, MD DURHAM N C 

T he year 1945 produced a considerable number of useful articles 
on the subject of pain in the low-er part of the back and sciatic jiain 
Intervertebral disk syndromes occupy the predominant place in this 
literature The importance of rupture of the intervertebral disk in 
causing sciatica is firmly established, indeed chief controversv now 
centers about the question whether almost all sciatica ma\ not be the 
result of protrusion of tlie disk Increased attention is being devoted 
botli to early traumatic lesions of the disk and to degenerative clianges 
secondary to aging and to chronic minor trauma Concerning detailed 
diagnostic and therapeutic indications there is as vet little unanimitv 
In this review the pohev of abstracting the more outstanding articles 
and of calling attention to the remainder of the vears litcraUire ha' 
again been followed 

Pam 'in the Loz\.ii Part of the BaeJ — An interesting development 
IS tlie tendenev in manv quarters to regard carlv or minor iraunntic 
lesions of the lumbar intervertebral disks as a frequent cause oi pun m 
the lower part of the back in the absence of sciatica 

7-41 rntdnnn \ I and Read H Orthostatic (Lordoticl Mbmimiu'-n 

Including Studies on Patimts in Hvpere\ttnsicn Rod\ Ca«ts New Aork S' u 
1 Med 45 207s 2078 (Oct 1) IQ-ts 
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Ke\ believes that the cause of idiopathic pain in the lower part 
of the back is practically always mtraspinal and in over 90 per cent 
ot the cases a lesion of the intervertebral disk He states that m most 
cases the s>mptoms subside spontaneously or yield to conservative 
treatment and that in only about 10 per cent is an operation the treat- 
ment of choice Cyriax"''® believes that pressure on the dura mater 
everted by a defective annulus fibrosus via the posterior longitudinal 
ligament is the cause of lumbago, he recommends epidural anesthesia 
if the symptoms do not subside after a few’ days of rest m bed 
Shapiro '*■* also has written on the use of transsacral injection of 
jirocame for pain m the lower part of the back In the Scandinavian 
literature, A\'aldenstrom has discussed the relationship of lumbago 
and herniation of the intervertebral disk, and Knutsson '■'® has described 
instability associated with degeneration of the disk m the lumbar part 
of the spine 

Crisp agrees that pain in the lower part of the back results from 
■damage of the intervertebral disk, believes that early diagnosis can be 
made and makes a plea for thorough early treatment designed to 
forestall herniation and sciatica He states that the cases of pain in the 
lower jiart of the back m which if the patient is untreated sciatica will 
c\cntualh develop are characterized by extreme and persistent spasm 
of the lumbar portion of the erector spinae muscle wnth a resultant 
lumbar lordosis The patient complains of a continuous aching lumbar 
pain which is aggravated by movement and coughing and may radiate 
into the groin He show's tenderness to deep pressure over the sacroiliac 
joint and the interspinous ligament of the aftected segment, scoliosis is 
unusual at this stage but as the lesion progresses may be produced by 
hamstring spasm on the affected side For these patients the author 
adMScs hospitalization and complete rest either m bed or m a plaster 
jacket He believes that in early cases the lesion may be a minor tear of 
the annulus fibrosus without protrusion of the disk and that the spastic 

7‘}2 Kci, J A inten crtcbrnl Disk Lesions Are ktost Common Cause of 
Low Back Pam With or Without Sciatica, Ann Surg 121 534-544 (April) 
1945 Intervertebral Disk Lesions Are Most Common Cause of Low Back Pam 
With or Without Sciatica, Tr Soutli S A 56 150-160, 1944 

743 Ciriax, J A Lumbago Mechanism of Dural Pam, Lancet 2 427-429 
(Oct 6) 1945 

744 Shapiro, L Low Back Pam Treatment b> Nerve Block, Indust Med 
14 580 (JuK) 1945 

745 Waldenstrom, H Lumbago and Intervertebral Disk Herniation, Acta 
clur Scandinav 91 11-16, 1944 

746 Knutsson P Instabitit> Associated with Disk Degeneration in Lumbar 
Spine, \cta radio! 25 593-609, 1944 

747 Crisp, E J Damaged Intervertebral Disk Earlv Diagnosis and Treat- 
ment I ancct 2 422-442 (Oct 6) 1945 
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lordosis IS a natural protective mechanism relieving strain and effecting 
splintage at the level of injurj’- If the back is protected m a position of 
lordosis, heahng and fibrosis may take tlie place under tlie influence of 
circulation from the posterior longitudinal ligament, together ^\ ith 
adaptive shortening of the muscles and ligaments and the production 
of a permanent protective lordosis On the other hand, if the diagnosis 
IS not made early and the back remains unprotected, the tear of the 
annulus gradually increases and leads finally to complete rupture of the 
fibrocartilage, herniation of the nucleus and the development of sciatica. 
Crisp thinks that with treatment with a body cast the prognosis for 
cure IS good Patients with sciatica may be treated by application of a 
cast with the lumbar part of the spine m kj^phosis After a month or 
so the herniation is found to be reduced and a cast m the position of 
lordosis may be used 

A timely warning, however, that the injured inten^ertebral disk is 
but one of many causes of backache and sciatica is sounded by Compere ’■'® 
Tippett’^® reviews the symptoms and signs of conditions which cause 
backache Samson, editing a symposium from the Hospital of the 
Sacred Heart m Montreal, stresses the many and varied causes of 
pain in the lower part of the back This group of articles, published 
in the French language, describes the anatomx and physiolog}' of the 
low’cr part of the back, the signs and symptoms of cases of pain m the 
low'cr part of the back and sciatic pain and the traumatic, mechanical, 
degenerative, developmental, infectious and arthritic types of sMidromes 
involving the low'er part of the back Included also are discussions of 
generalized diseases of bone w'lth lumbar manifestations, arthritis of 
the lumbosacral articular facets and industrial disabilities of the lower 
part of the back 

748 Compere, L A Backache with Sciatic Pam, Proc Inter';! Postgrad. 
M A North America (1944), 1945, pp 184-188 

749 Tippett, G O Diseases of the Spine and Sacro-Ihac Tomt'; Post-Grad 
M T 21 68-72 (Feb ) 1945 

750 Samson, J F Diagnostic differential S^mposlum sur Ic sMidrome 
doiilouretiN lomho-sacre Union med du Canada 74 1136-1138 ( \ng ) 1945 

751 Fortier, M Lesions mfectieuscs \crtcbrales lombo-sacrccs Liiion nicd 
du Canada 74 1099-1106 ( ^ug ) 1945, \ffcctions de la sacro-ihaquc ibid 74 
1107-1112 ('\iig) 1945 Frenetic, U Lcs anomalies congcmtalcs lombn sicrtc=, 
ibid 74 1091-1090 ( \iig ) 1945 Garicp\, R Scmciologie dcs s\ndromcs dou- 
loureux lombo-sacrcs ibid 74 1069-1076 ( \ug ) 1945 Lcpinc, F Aiiaiomit- 
dc la region lombo-sacrc SAanposium sur Ic s\ndrome douloureux lomlva- 
sacrc, ibid 74 1051-1057 (Aug) 1945 I cticnne L S\ndrome lomlio sicrc 
par tumeurs \crtcbralcs maladies osseuscs gcncralisces a manifestations eerte- 
braks ct osteoiKirosc dorigmc endoenmenne ibid 74 1112-1116 ( Aug I 104' 
PotMii P I cs deformations mtcamques ct siatistiques lomlM>-sacre ibid 
74 1082-1088 ( Aug ) 1045 I tsions dcs tissus mous dans la lomkalgu ibid 74 
1088 1001 (Aug) 1945 Sam'on T E. Arthritc chrcmque apophesure fseni- 
posuim sur Ic sMidrome douloureux lumbo-sacrel, ibid 74 1117-1120 ( Aur ) 1045 
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Hauser'-'- believes that inflammation of the lower part of the back 
resulting from mechanical strain is a much more frequent cause of 
backaclie than a slipped mten'ertebral disk He stresses the point that 
pain m the lower part of the back may be produced by physiologic 
changes in the absence of outstanding structural abnormalities He 
applies the term “functional decompensation” to the imbalance between 
the loads which the back is called on to bear and its capacity to with- 
stand these loads Factors tending to produce such decompensation 
are obesiti, e-vcessive physical activity, debilitating diseases and poor 
muscle tone The influence of inadequate exercise, poor hygienic con- 
ditions and improper diet is discussed The symptoms referable to the 
back are primarily those of fatigue, pain in the lower extremities is 
liresiimablv of referred type attnbutable to inflammation of muscle or 
joint and the resulting reflex muscle spasm Jrntation over a long 
jieriod of time may lead to sensory disturbances and impairment of 
muscle tone Increase of the normal curvatures of the spine results in 
poor posture The physical signs of functional decompensation of the 
back are fault)’ posture, decreased muscle tone and a positive straight 
leg raising sign Additional changes observ’ed in the acute stage include 
spasm of the lumbar muscles, decreased lumbar lordosis, tilting of 
the pell is and seoliosis 

In a second article Hauser reviews the clinical picture of func- 
tional decompensation and recommends the use of a corrective body 
cast This is applied with the patient standing m a flexed position in 
order that ivhen he afterward stands erect the excessive lumbar lordosis 
and dorsal k)'phosis may be corrected 

Methods of care at home and personal conduct designed to relieve 
the patient w ith a strained back have been described by Heller 

Fox ' reports in the neuropsychiatric literature his observations on 
a series of soldiers w’lth backache, all of whom were first examined by 
an orthopedist and then referred routinely for psychiatric consultation 
Most of tlie patients exhibited poor posture They were treated by 
plusical therap\ w'lth emphasis on the correction of postural defects 
The treatment was thought to be of great value in improving morale 
as well as posture and backache The author advisedly points out the 

752 Hauler E. D W Low Back Pam Due to Functional Decompensation 
oi Back W isconsm M J 44 869-873 (Sept ) 1945 

7a3 Hau'cr E D W Correctnc Cast for Treatment of Low Back Pam, 
T \ M \ 128 92-93 (:t^a^ 12) 1945 

754 Heller E P Back Sasing Outline of Home Care and Personal 
Conduct Indu'^t Med 14 508 (June) 1945 

75^ Fox, H M Treatment of Soldiers Complaining of Backache Some 
Olwcrs-ations Concerning Posture and Attitude 1 Xer\ S. Ment Dis 102 154- 
l>-4 I \ug ) l')4=; 
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need of cooperation between orthopedist, pS} chiatrist and physical 
therapeutist in the treatment of soldiers with backache 

Pain in the low'er part of the back ascribed to the herniation of 
fascial fat is discussed by Herz He reports 6 operative cases, in only 
1 of which the fatty mass had a discernible pedicle In all cases relief 
of pain follow'ed excision of the fatty tissue Microscopicallj these 
small masses consisted pnncipally of fat with areas of fibrous tissue, 
congested blood vessels, edema and focal hemorrhage In 1 specimen 
nerve tissue w'as found The histologic diagnosis was fibrohpoma 
Mylechreest ' ' reports his observations on dissections of the back for 
the study of fat patterns and on 4 patients wdiose s}mptoms were com- 
pletely relieved after the removal of small fatt\ masses 

An article on estimating disabilities of tlie back has Iieen contributed 
by Lewun,"'* and Stark ““ has discussed pain m the lower part of the 
Iiack in the Army Specialized Training Program 

Osteitis condensans ihi is the subject of an article b\ Hare and 
llaggart"®“, they report 23 patients, all of whom were women of child- 
bearing age This condition, first described in 1926, is characterized 
clinically by recurrent attacks of pain m the lower part of the back and 
m the pelvis and roentgenographically by a condensation of iliac bone 
adjacent to the sacroiliac joint without involvement of the joint space or 
of the sacrum For most cases the conserv'atu e measures of rest, 
physical therapy and a support for the low'er part of the back constitute 
adequate treatment Hare and Haggart describe the differential char- 
acteristics which they use in distinguishing osteitis condensans iln from 
arthritis of Marie-Strumpell type 

Sciatica —Increasing emphasis on the ruptured lumbar disk as the 
cause of most instances of sciatic pain makes it important to remember 
that other lesions may produce this symptom The j ear s articles on 
sciatica include references to such lesions as well as to therapeutic 
methods designed primarih for the sMiiptomatic relief of sciatic pain 

Magnuson points out that narrow iiig of the inter\ ertebral disk 
space IS a frequent occurrence and that little narrowing is required to 

Herz, R Herniation of ra«:cial Fat as Cause of Lou Rafk Pam with 
Relief In Surgen in Six Cases T A M 128 921-'525 (Tul\ 28) 1945 

757 Mxleclirecst, \V H An Iinestigation into the Actiolopv and Patliolop\ 
of FiliroMlis of the Back Ann Rliciimat Dis 4 77-79 (lune) 194' 

758 Leu in, P Fstimation of Back Disabilits Reduced to Simple Mathe- 
matical rormula Indust Med 14 571 (Jul') 194' 

759 Stark HI 1 ou Back Pam in Amu Specialize'd Training Program 
louriial-Hancet 05 225-225 (Tunc) 1945 

7(50 Hare H F and Haggart G F Osteitis Condensans Iln 1 \ M \ 

128 725-727 (Tul\ 7) 194'^ 

7()1 Magnuson P B Inters ertebral Disk- Am 1 ''urc 07 iFebi 

1945 
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cause compression of a ner\'e root in its intervertebral foramen From 
roentgenographic studies of the spine in flexion and in hyperextension, 
Capener concludes that the memnges and the cauda equina may be 
under tension when tire back is flexed He also believes that when the 
spine IS sharply flexed the quadratus lumborum may at times go into 
spasm to act as an abnormal flexor Sciatica has been discussed also 
In Campbell, and its association with pain and deformity of the back 
has been emphasized by Wardle 

Holmes and Sworn report 3 instances of macroscopic pathologic 
changes in nerv^e roots in the absence of protrusion of an intervertebral 
disk The clinical picture of tliese cases was indistinguishable from that 
of a ruptured inten ertebral disk In 2 instances the root was edematous, 
and in the third adhesions were present around the root in the spmal 
t mal Diagnoses of sciatic neuritis were made , the causation was not 
determined with certaintj' 

Clavel and Meneault report laminectomy and resection of strangu- 
lating adhesions of the dural cul-de-sac Bnggs and Krause discuss 
the induations, technic and results of intervertebral foraminotomy for 
the relief of sciatic pain, basing their study on a senes of 35 cases 
1 In'; operative procedure converts the closed canal of the intervertebral 
ramen into an open trough by removal of the articular processes and 
KKCt^ The authors feel that the indications for foraminotomy are (1) 
1 ulurc of simple laminectomy with complete exploration of the accessible 
ntne root within the neural canal to reveal the impinging mass, (2) 
tumplctc or considerable collapse of the mterv'ertebral disk space with 
nr w ithout In pertrophic lipping as seen in tlie roentgenogram, and (3) 
persistent sciatic pain following a spinal operation with or without 
fmiun Sufficient bone, hgamentum flavum and capsule are removed 
Ui allow i isualization of the nen^e root along its entire course until it 
passes into soft tissue The operation is completed by placing a small 
piece of muscle tissue oaer the exposed nen'e root and by carrying out 
'pinal fusion At the 35 operations, the following lesions were found 

762 Capener X Sciatita Anatomical and Alechanical Studj of Lumbo- 
Sacnl Region, Ann Rheumat Dis 4 29-36 (Dec ) 1944 

763 Campbell J F The Sciatic SA-ndrome, J Ro\ Nai M Serv 31 

24-23 (Tan) 1945 

764 W ardlc, E X Sciatic Pam Its Relation to Pam m the Back and 
Spinal DeiormiU, M Press 213 197-201 (March 28) 1945 

765 Holmes J M and Sworn, B R Sciatic “Neuritis,” Bnt M J 2 
330 331 (Sept 15) 1945 

766 Oa\ cI C , and Meneault Nevralgie sciatiquc gauche Laminectomie 
Re-cction dun bnde etranglant le cul-de-sac dural, Lion chir 37 114-115, 1941- 
1942 

767 Eripps H and Krau'e J Intcncrtcbral Formaminotomy for Relief 
o: '^cntic Pun J Bone &. Toint Surg 27 475-478 (JuK) 1945 
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(1) diminution of foraminal space secondarj to thinning of the inter- 
vertebral disk, (2) hypertrophic lipping of the posterior penpherj^ of 
the vertebral bodies (this hypertrophy \\as often cartilaginous and 
absent in the roentgenogram) , (3) herniation of the disk into the inter- 
vertebral foraminal space, and (4) impaction of nuclear material within 
the foramen after migration from a distant point of rupture The relief 
of sciatic pain within a follow-up period of from three months to four 
years was complete in all cases except 3 which the authors consider 
unsolved diagnostic problems [Ed Note This percentage of relief 
IS high, especially m view of the fact that 25 per cent of these patients 
had been subjected previously to spinal fusion with or without remo\al 
of a herniated disk and that all had had long interv'als of rest, use of a 
brace and other conservative measures before foraminotomy As stated 
by the authors, the follow-up period is too short to allow of conclusne 
evaluation ] 

In foreign literature, Sahlgren and Sjoqvist have discussed nnal- 
gic pressure points m sciatica, and Bruel and Vaubel have desenbed 
the treatment of sciatic pain by injections of procaine hjdrochlonde 
Articles on epidural injection have been published by Galbiati and 
Decourt 

Intci-vcj iehral Disks — Articles on the mter\ ertebral disk include 
studies of Its pathologic lesions, reviews of the ruptured disk sjndrome, 
contributions to the diagnosis of herniation of the disk and reports on 
therapeutic indications and results 

In three articles published in the Journal of Bone and Joint Surgery 
Coventry, Ghormley and Kernohan record the results of their stud\ 
of the microscopic anatomy and pathology of the intenertcbral disk 
Specimens from 88 necropsies W'ere examined roentgcnographicalK and 
microscopically The first article of this senes deals with the anatonn, 
cinbiyologA^ and physiolog}' of the disk The second presents a dcscrip- 

768 Sahlgren, E, and SjoqMst, O So-Called M\algic Pressure Points in 
Sciatica, Nord nied (H^glea) 22 1141-1142 (June 16) 1944 

769 Briiel, O Relief of Pam as Therapeutic Measure Implctol in Common 
Painful Conditions, Nord med 21 190 196 (Ecb 4) 1944 

770 Vauhcl, E Die InjcktionsbehandUing dcr Schmerzzustande im Gcbict 
dcs Ncr\ais ischiadiciis, Deutsche med M chnschr 70 28 (Jan 21) 1944 

771 Galbiati, R Contribucion al tratamicnto de la ciatica funinilar o 
ncurodocitis por la \itamina R, epidural Semana med 2 630 632 (Sept 10) 1942 

772 Dccourt, J Is It Necessan to Renounce Epidural Injections of Iodized 
Oil (Lipiodol) in the Treatment of Sciatica’ Rc\ ncurol 75 192-1*54 (JuU-\ug) 
1043 

773 Coeentre, M B , Ghormlex R K, and Keniohan T \V Interxerte- 
hral Disc Its Microscopic \natom\ *11x1 Pathologx I \natomx. Development 
and Plnsiologx, T Bone v'e Toiiit Siirg 27 103-112 (Tan) 1943 H aiange-: iii 
the Intervertebral Disc Concomitant with \pc ibid 27 233 247 ( XpriD 1943 
III Pathological Changes in the Intervertebral Disc ibid 27 490-474 (luh) 1943 
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tion of changes in the normal disk in successive decades of life The 
third article concerns pathologic changes, these include hypertrophic 
arthritis, nuclear expansions, ballooned disks, thinned disks, nuclear 
protrusions calcification of the nucleus pulposus, infections of the disk 
and im asion hi malignant tumors The authors point out the difficulty of 
distinguishing in manv cases between degenerative changes which 
nomiall} accompanj the aging process and those which should be termed 
pathologic [Ed Note These observations are fundamental to an 
understanding of intervertebral disk s^mdromes , they should be studied 
in detail in the original paper ] 

Moonej reviews the pathologic changes which take place m the 
intervertebral disks wnth increasing age and the clinical pictures wdiich 
these changes maj produce He discusses and illustrates the escape 
of nuclear material into the substance of a vertebral body, he believes 
that such lesions cause backache which subsides as a bony barrier is 
formed about the extruded nuclear material The author contrasts this 
lesion of limited protrusion of central nuclear matenal with that occurring 
in tuberculosis when the nucleus bursts unopposed through a destroyed 
cartilaginous plate, leading to complete collapse and destruction of the 
disk Moonei believes that Scheuermann’s disease is definitely an osteo- 
chondritis of the ossific nuclei of the vertebral epiphyseal groove rather 
than a lesion of the inten'ertebral disk Three types of posterior lesion 
of the disk are described (1) a simple annular tear with a central nucleus 
undisturbed and taking no part in the extrusion, (2) an annular tear 
with a posteriorly situated nucleus which ruptures and adds greatly to 
the bulk of the extruded tissue, and (3) an annular tear with an intact 
or practicall) intact posterior nucleus w'hich protrudes as a glistening 
mass, lifting up the dural sheath Mooney also describes the degeneration 
and thinning of the disk which begin at about the age of 40 years and 
the posterior nodal protrusions which are localized degenerative changes 
occurring usuall} after the age of 50 years and as a rule not causing 
simptoms [Ed Note This bnef article is of value in calling attention 
to the \arieti of lesions to w'hich the mten^ertebral disk is subject] 

A. stud) of intervertebral spatial changes follow'ing extraction of the 
protruded disk is reported by Graf and Hamby They introduced a 
small amount ot tantalum powder into the disk sinus in 25 cases 
Roentgenographically the sinus appeared either as an elongated slit 
with an irregular cross section or, less frequently, as a round or oval 
caiiti Finding that in 1 case the opaque material extended to the 

"74 itoonej, Ji C Disc Lesions m Relation to Pain, Bnt J Radiol 18 
153-157 (Mav) 1945 

77j Graf, C J , and Hanib\, W B Roentgenograpliic Demonstration bv 
Tantalum Power of Sinuses Resulting from Extraction of Intervertebral Disc 
ProtruMons \m T Roentgenol 53 157-160 (Feb ) 1945 
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anterior edge of the vertebral bod)' the authors warn that curettage 
of the disk must be carried out cautiously m order to a\oid penetration 
of the annulus Roentgenograms made after se\eral months of normal 
activity follow mg operation show ed no significant alterations A. patient 
w'ho showed signs of a contralateral lesion postoperatn el) was reexplored 
Histologic observations suggested onl) mild reaction about the tantalum 

Current conceptions of the clinical s)ndronie of the ruptured inter- 
vertebral disk are presented in a number of articles The association 
of protrusion of the disk with spondylolisthesis is discussed b) AIe)er- 
dmg Massive extrusion of a lumbar disk is described b) Ver 
Brugghen ’'® He calls attention to the serious complications which 
may occur w-hen a ruptured disk is inadequately treated The extrusion 
of a large part of a disk may so compress the cauda equina as to cause 
weakness of a lower extremity w'lth disturbance of urinarx function or 
even to produce a transverse lesion of the cauda equina w ith paraplegia 
and incontinence of bladder and rectum Lesions of this t\pe are some- 
times not diagnosed promptly despite the fact that the patient’s condition 
IS serious and constitutes a neurosurgical emergenc) \'er Brugghen 
believes that massive extrusions are seen perhaps once in 300 cases of 
herniated disk Most of his 9 patients gave a “cogwheel” histor) in 
w'hich the picture developed m successive short acute episodes o\er a 
considerable period He discusses the differential diagnosis in 8 cases 
in which operation was performed The results were excellent in 1 
case, good in 1 and fair in 6 One patient continued incontinent after 
three and one-half years and another had a persistent paraplegia and 
w'as confined to a wheel chair two and one-half vears after operation 

The wear’s articles on the diagnosis of protrusions of the interverte- 
bral disk include clinical analyses and statistical reports of nnclographic 
observations Munro ''® discusses tbe characteristic s)mptoms and 
signs In a review of 177 laminectomies for suspected lesions of the 

776 Bradford, F K El problcnn del di<;co intervertebral en h imrim dc 
Riierra, Rev radiol v fisiotenp 12 37-44 (Mav-Tunc) 1945 Lar«on C B 
Medical Progress Orthopaedic Surgerv Problem of Intervertebral Disk \'c\\ 
England J Med 232 137-139 (Feb 1) 1945 Swett P P \ Note on ‘Sciatica 
Back-acbe and Intervertebral Disks, Connecticut M I 9 701-702 fSept ) 1945 
Walker, E Intervertebral Disc Lesions General Discuscmn and Consider- 
ation of Treatment in Militarv Service South M J 38 832-R34 (Dec ) 1945 
) ouiig I H Intervertebral Disk Disease New Svaidromes and New Con 
cepts, M J \nstralia 2 234 245 ( \ug 25) 1045 

777 Miverdmg H M Protiision de los discos mtcrvcrttbralcs en los casos 
de ispondilolistcsis Mcdicma Mexico 25 542-349 ( \ug 25) 1945 

778 \ cr Brugghen \ Massivt Extrusion' of I iiiiihar Intervertebral Di c 
Stirg Gvnee vl Ob't 81 2t)9-277 (Sept ) 194> 

779 Muiiro D Diagno-is of Po-terior Herniation of 1 iimbar Intervcrtrb'-jl 
Di'U New England 1 Mexl 232 149 1(0 (Feb 9) 104- 
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disks Bums and Young"®'’ describe a “tension test” which they found 
useful m differential diagnosis They raise the patient’s affected leg 
with the k-nee straight until pam is produced, then flex the knee just 
enough to relieve the pain , persistence of pain suggests that there is a 
lesion of the hip The head is then flexed on the chest , return of pain 
indicates a lesion of the back Further flexion of the knee wull then 
rehe\e the pain of an mtraspinal lesion by releasing tension on the 
meninges continued pam is thought to indicate a lesion outside of the 
'spinal canal 

Fincher,"®' in a discussion of the neurosurgical aspects of lumbar 
and sciatic pam with especial reference to differential diagnosis, points 
out that the outstanding diagnostic groups consist of the protrusions of 
the inten^ertebral disk, the tumors of the spinal cord and the compen- 
sation neuroses He describes the differential diagnosis of each of these 
entities w ith reference to the historj^ physical examination and roentgeno- 
grams and myelograms 

Norlen ’®- has published a detailed analysis of the value of neurologic 
s\mptoms in localizing herniations of the lumbar disk In a study of 
V verified cases of rupture of the disk published in 1942 but not avail- 
able previously for review, Friberg'®® found an average concentration 
ot total proteins of 60 mg per hundred cubic centimeters, a low' globuhn- 
albumm quotient and little or no increase of cells m the cerebrospinal 
fluid 

Four papers on myelography are in agreement in pointing out the 
diagnostic ralue of imelograms and in advocating “pantopaque” (a 
mixture of ethyl esters of isomeric lodophenyl undecyhc acids) as the 
most desirable contrast medium Echhn, Ivie and Fine "®^ think that 
“pantopaque” has made myelography a simple, justifiable, and reason- 
ablv accurate procedure Peacher and Robertson,''®® in a well docu- 
mented stud\ , found the accuracy of myelographic diagnosis to be 96 7 

780 Burn^, E H incl Young R H Protrusion of Intervertebral Disk, 
Lancet 2 424-427 (Oct 6) 1945 

781 rincher E F Neurosurgical Aspects of Lumbar and Sciatic Pain 

1 M A Georgia 34 149-154 (Aug) 1945 

782 Norlen, G On Value of Neurological Sjmptoms in Sciatica for Local- 
ization of Lumbar Disc Herniation Contribution to Problem of Surgical Treat- 
ment of Sciatica, Acta chir Scandinaa (supp 95) 91 1-96, 1944 

783 Priberg S Ueber Untersuchungcn der Euveisskonzcntration im Liquor 
bci lumbalen Bandscheibenprolapsen, \cta chir Scandinav 87 128-137, 1942 

784 Echlin, P \ , Hie, J M, and Fine, A Pantopaque Myelography as 
Vtd in Prc-Opcrati\c Diagnosis of Protruded Intervertebral Disks Preliminary 
Report, Surg Gvnec & Obst 80 257-260 (March) 1945 

/S'* Peacher W G, and Robertson, R C L Pantopaque Maelography 
Results, Comparison of Contrast Media and Spinal Fluid Reaction, J Neurosurg 

2 220-231 (Mas) 1945 
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per cent Soule, Gross and Irving '®'' think m^ elograph-s should be done 
in nearly everj case of pain in the lower part of the back with saatic 
radiation when operation is contemplated ^rbuckle, Sheldcn and 
Pudenr ■®' recommend routine “pantopaque” nnelographj as an aid in 
the diagnosis and localization of protruded disks and m ruling out tumor' 
of the spinal cord, the meninges and the cauda equina 

The treatment of the patient with a ruptured disk has been outlined 
by Key’’®® Noting that the severity of the s)mptoms and signs Aaries 
greatl}"^ m different patients and at different times m the same patient 
he divides the patients therapeuticall} into three categories ambulant, 
bed and operative groups The ambulant patients are treated In 
support of the lower part of the back, manipulation, stretching of the 
lower part of the back, correction of bod\ mechanics In exercise a hard 
flat bed, administration of vitamin B, weight correction administration 
of salicylates and change of occupation if ncccssar\ Bed patient' 
W'hosc symptoms are so severe that the) are unable to carrv on their 
daily routine, are treated in similar fashion and returned gradualh to 
activity If conservative treatment proves unsatisfaclorv if the patient 
IS unrelieved or is intolerant of his s\mptoms and demands relief b\ 
surgical treatment or if he has a long histor) of disabiht\ which has 
not responded to treatment elsewhere, operatnc treatment is considered 
Key thinks that the intact spine should not be fused after the remo\al 
of a protruding inten ertebral disk and reserves fusion for those patient' 
with long-continued chronic backache in whom the roentgenograms 
reveal a collapsed disk and in whom no ])ressure on the ncr\e roots i' 
found and relieved at operation Ke\ does not use bone chips over the 
open spinal canal after the hgamentum flavum has been removed but 
reenforces the fusion with a notched plate graft taken from the ]iosterior 
jxirtion of the wing of the ilium He states that the results of operation 
for lesions of the intervertebral disks have not been so uniformlv suc- 
cessful in his hands as he would wish and analvzes bricflv the probable 
causes of failure He believes that pain in the lower part of the back 
with or without sciatica should be treated conservativclv and that 
operative removal of the disk should be reserved for those jntients who 
do not respond to conservative iherapv He considers the removal oi 
ruptured intervertebral disks a sound procedure if the casts are proptrlv 
selected 

786 Soule \ R Jr Gross S \\ and Ir\inp T G M\slocni>h\ b\ 
L’sl of Pantopaciuc in Dncnosis of Herniation of Intsrvirtshral Di-v- \ni I 
RoititBcnol 53 ilO-HO ( Viiril) I'l-t'' 

787 \rlnickk R K '^licldcn C H and Pudni- R H I’anu pmu' 
Mvcloprapln Correlation ot Rointuiiiolopic and Vtiiroloi^ic Pindtiu R' li 
olopv 45 ■5';t) 169 tOet ) 194' 

788 Ks\, 1 \ Coii'ir\ati\c and Opiratnc Trtati iin of I t i i i litf 

Ncrtibral Di-vs in Low Pack ''iirtsrx 17 J'l '>>1 (Iv’iV 104 : 
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Kirstem reports a follow-up study of 49 patients who had sciatic 
pain and roentgenographic evidence of a space-restricting lesion in the 
spinal canal [Ed Note Kirstein’s statistics, which suggest more 
facorable results in the 25 patients who were treated by operation, are 
of little 1 alue because of the too brief follow-up period of from one-half 
to three jears ] 

A study of the end results of the combined operation of excision 
of the disk herniation and lumbosacral arthrodesis was published by 
Ghormlej Love and Young'®" in 1943 but has not been reviewed in 
preiious editions of the “Progress in Orthopedic Surgery ” Of a series 
of 72 cases the results after a follow-up period of from one to four years 
were good in 46 patients fair in 18 and poor in 8 In addition to the 
herniated disk certain of these patients had spondylolisthesis, spondylo- 
hsis sacralization, osteoarthritis, sacroiliac arthritis or multiple, recur- 
rent or thinned disks 

Marble and Bishop have analyzed the results of operations on 
intervertebral disks in a series of 92 industrial cases and have compared 
them w ith the results in nonindustnal cases The proportion of favorable 
results, less than 50 per cent, is appreciably lower in the industrial cases 
The authors point out the greatly increased financial outlay required 
for operative treatment and for compensation of the patient with an 
unfavorable outcome following operation As would be expected, the 
Statistics show' that supplementarj' fusion of the lower part of the back 
IS a less desirable procedure in industnal cases than in nonindustnal 
[Ed Note This may be particularly true when the results are evaluated 
over a relativelv short follow-up penod ] 

Poppen review s a series of 400 cases of herniated intervertebral 
disk verified bv operation He believes that the patient who has sciatica 
and minor back difficulties and whose roentgenograms show no changes 
in the bone should onlv have the disk removed , he thinks that the patient 
who has predominant pain in the back, definitely abnormal facets and 
mstabilitv of the back and who must do hard manual labor should have 
removal of the degenerated cartilage and fusion Complete relief of 
pain in the back and sciatic pain was obtained in 65 per cent of the cases 
and complete relief of sciatica m 90 per cent Five per cent of the 
patients v.ere unrelieved 

789 Kir<;tein L An Aftcr-Examination of Operated and Non-Operated 
CT=e<i with Clinical Svmploms of Herniated Disc, Acta med Scandinav 120 
f'3-106 1945 

790 Ghormlc\ F K Love, J G, and Young, H H Combined Operation 
in Low Back and Sciatic Pain, Am Acad Orthop Surgeons, Lect , 1943, pp 
120-125 

791 Marble H C and Bi>:hop A\ A Intervertebral Disc Injurv Anal>sis 
irom Industrial Standpoint J Indust Hvg & Toxicol 27 103-109 (April) 1945 

793 Poppen J L Herniated Intervertebral Disk Analvsis of Four Hun- 
dred A cnfied Cases New England T Med 232 211-215 (Feb 22) 1945 



R'lNn—LOU'CR PART OF BACK 


09 


Poppen also calls attention to 6 patients who had massue rupture 
of a disk attended I y sudden complete paraplegia In 2 of these cases 
paral) sis developed immediately after manipulation h} osteopaths and in 2 
it was apparent on awakening from anesthesia after manipulation 1)\ a 
competent orthopedist Manj weeks or months elapsed l^efore complete 
function returned |Ed Note Although this complication docs not occur 
frequently, its graMty makes routine manipulation inad\isable ] A rare 
complication of operatne removal of the disk an arterio\ enous fistula 
hetw'ecn the right common iliac arter\’ and the inferior \ena ca\a is 
reported by Linton and White 

^poiidvlohsthcsis — The number of articles on spoiuhlohsthesis 
suggests an increased interest in this subject Buns published in 
1943 a detailed discussion of spondylolysis and spondjlohsthcsis which 
has not been available for review- m previous editions of the “Progress 
in Orthopedic Surgeiw- ” Of 27 reported cases 20 were obscr\ed for 
from one to twcnt\-four vears No relationship between trauma and 
the degree of slipping was demonstrable The spinal canal was found to 
be of normal w-idtli in cases of mild slipping and onlj shghtK narrowed 
in the presence of sc\crc slipping Symptoms, signs and methods of 
treatment w ere review cd More recenth Walker finding 52 cases 
of spond3dolisthesis in 12,000 Canadian recruits, has discussed the sub- 
ject w’lth particular reference to the physical signs 

Meschan describes a method of measuring the degree of spon- 
dylolisthesis hv means of lines drawn on the lateral roentgenogram 
Using this method for comparison of the roentgenographic findings with 
the patient in various positions, he was able to demonstrate instabilit\ 
at the le^el of the spoiKhlolisthcsis in 7 of 41 patients 

Meverdmg has published in the Mexican literature an article on 
the protrusion of inter\ertcbral disks in spondilohsthcsis The belief 
of Dandv that the si mptoms encountered in spondi lohsthc^is are the 
results of lesions in disks at other Iciel'- of the spme is not shared In 
most orthopedic surgeons 

791 Linton K B and \\ lute P D \rtcrio\cnous Pnlnla nctwrin the 
Riplit Common Iliac Arlen and the Inferior \ cna Ca\a \rch ‘^nrp 50 (►-11 
(Ian) 1041 

z**) linns C r P On SpondiloK sis anzl s;]„i,nl\]iilisthcsis Acta ortlirp 
Scandniai 14 1-96, 1'3-13 

/(Jl Walker 1 \ 1 Pin sical Signs of Spon Klohsthcsis 1 Canad M 

Strv 2 478 482 (Ma\) PMS 

7O6 Misclnn 1 Spi nd\lolisthesi<; \ C<innuntir\ in 1 tu It g\ md m 
linproied Mctlu-d of Kc intgciiouraplnc Minsnraii<n nul Dtuiti 1 < t li t duhti 
\m 1 Kocntpiiu.l 53 210 241 (March) 1S4' 

7‘>7 Dand\ W L Irtatnunt of s^JllIld^loll tin t \ \( \ 1C7 1 '7 ’ 

( Ian 20) 104' 
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Hambh describes a case of extreme reversed lumbar spondylo- 
hbthesis attended b> spastic paraplegia He states that this congenital 
abni)nnaht\ is exceedingh rare Lombard has written on congenital 
lumbosacral luxation 

For the treatment of spondylolisthesis and lammal defects, Bos- 
\\ orth advocates the use of a "clothespin” or H-shaped graft taken 
irom the ilium or the tibia and mortised about the spinous processes at 
(.ach end of the fusion area He states that such grafts should always be 
supplemented bi strips of iliac bone 

Congenital Luinbosaaal Anomalies — Fischer and Vandemark 
present the case histones and roentgenograms of 2 patients who had 
sagittal cleft or butterfly lertebrae, a rare congenital anomaly which 
ma\ atfect the lumbar part of tlie spine This division of a vertebral 
! lod} into lateral hah es by an intervening sagittal cleft was described one 
liundred }ears ago by von Rokitansky Vertebrae with saggital clefts 
liaie been associated inth other malformations of vertebrae and ribs 
T'ain ma\ or mai not be present m the back Treatment consisting of 
limitation of activity, avoidance of heaA'y lifting and the use of a back 
Mipport ma^ be indicated 

McMaster reports a case of unilateral h}'poplasia of the lumbo- 
' K r.il articular processes and associated neural arch of the fifth lumbar 
\ u tebra The patient’s pain in tire lower part of the back and the tliigh 
was on the side opposite that of the anomaly McMaster suggests that 
ilii« patient may ha^e had two pnmary centers of ossification for the 
ittected half of his fifth lumbar neural arch and that of these the center 
tor the posterior portion may have been h}^oplastic 

\n operation for stabilization of the as}Tnmetrically sacralized 
lumbo''acral junction has been described by Elo 

798 HambK, E H T Reierse Spondj lohsthesis, Bnt J Surg 32 536 
\pnlt 1945 

799 Lombard P Lc spond\ lohsthesis Luxation congenital lombo sacr6e, 
I h\ pothetique glissemcnt de la 5® lombaire, Afrique franq chir 1 62-63 (March) 
1943 

800 Bosworth, D M Clothespin Graft of the Spine for Spondylolisthesis 
and luminal Defects, Am T Surg 67 61-67 (Jan ) 1945 

801 Fischer, F J , and Vandemark, R. E. Sagittal Cleft (Butterfly) Vertebra, 
T Bone 8. Joint Surg 27 695-698 (Oct ) 1945 

802 ifcMaster, P E Unilateral Hrpoplasia of Lumbosacral Articular Proc- 
esses Case Report, J Bone S. Joint Surg 27 683-686 (Oct) 1945 

803 Elo, R Stabilizing Operation for Asrmmetrical Sacralization, Acta chir 
Scindmai 92 86-98 1945 


(To Be Continued) 
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INTRODUCTION 

T he stimulus for tins study evolved m part from an unusual 
case of acute, massive pneumoperitoneum occurring in a clnld after 
perforation of an ileal ulcer opposite the neck of a Meckel du eriiculum ’ 
The extreme abdominal distention with encroachment on the tliorax, as 
shown in figure 1, was deflated by paracentesis, and yet at the time 
of the operation, less than one hour later, the distention had returned 
to Its original sue and the respiratory rate had increased to 45 per 
minute 

Where did sucli a large volume of gas come from and how did it 
accumulate so quickly ? The outstanding work of Wangensteen, Hibbard 
and Rea " and Singleton and co-workers ® has established atmosplicnc 
air as the major source of gas in distention secondary to acute intestinal 
obstruction It would seem that exogenous air must also ha\ c been the 
predonunant source in the case ated, for it is almost inconcci% able that 

Rend It the fourtli mnual meeting of the Central Surgical ANsociaUon, 
Oncago, Feb 22, 1947 

From tlie Departments of Phjsiologj and Surgerj, Northwestern Umicrsitj 
Medical School and Wesley Mcmonal Hospital, Chicago 

1 Maddock, W G, and Coicnto, M B A Perforated Ulcer of the Ileum 
Opposite a Meckel’s Dncrticulum, Surg^ Gnticc. Obst 73 105, 1941 

2 Hibbard, J S , and Wangensteen, O H Qiaractcr of the Gaseous Dis- 
tention in Mccliamcal Obstruction of the Small Intestine, Proc. Soc. Exper Biol 
& Med 31 1063, 1934 Hibbard, J S Gaseous Di'tcntioa Associated with 
Mechanical Obstruction of the Intestine, Arch Surg 33 146 (JuK) 1936 Wan 
gensteen, 0 H , and Rea C E. The Distention Factor in Simple Irtcs’mal 
Obstruction Surgerj 5 327, 1*539 

3 Singleton, A O , Rogers, F, and Houston, F G The Preb'em of Inte' 
tmal Gases Complicating Abdominal Surgery, \nn Surg 115 921, 1*542 
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fermentation or diffusion could produce so much gas m such a short 
time But how could air enter the abdomen so rapidly ? The generally 
accepted explanation would Be by air swallowing, which theoretically 
might have supplied such a volume m a comparatively short period of 
time However, repeated swallowing was not observed Rather it 
appeared that the child had literally pumped himself up One of us 
( C I ) has obsen'ed this phenomenon in 2 dogs under light ether 



Fig 1 
ileal ulcer 


Massnc pneumoperitoneum in a child following perforation of an 
Note marked distenbon with extreme encroachment on the thorax 


anesthesia while the gallbladder was being artifiaally distended Simi- 
larlj, Alvarez,'* referring to several instances in which he had observed 
acute dilatation of the stomach in expenmental animals, stated, “In some 
instances it was due to a peculiar type of powerful, sighing, respiratory 
mo\ement which soon pumped the stomach full of air ” 

4 Aharez, W C An Introduction to Gastroenterology, New York, Paul 
B Hoeber, Inc . 1940 pp 563-588 
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The role of true air swallowing in slowly' de\ eloping distention was 
demonstrated by the early work of Kantor and Marks, ‘ who ■showed 
by combined auscultatory and roentgenograpbic means that air is 
actually sw'allow'cd in conjunction wnth the ingestion of food and drink 
However, m rapid distention, usually in\olving larger ^olumcs oi gas, 
frequent, voluntarj' swallowing is not commonly reported, though 
one W'ould expect it to be if swallowing were an important factor in 
the distention mechanism In the literature onlj an article b\ McT\er 
Benedict and Cline® states the number of obscn'ed, true swallow'- 
In 3 surgical cases they counted one hundred and fifteen, sixt\-sc\cn and 
forty-four swallowing movements respectively dunng the induction oi 
ether anesthesia, though the volume of gas reco\ercd from these partic- 
ular patients W'as not stated In another senes of patients the aaerage 
volume of gastric gas “sw'allow'cd” between the induction of anesthesia 
and completion of the operation was 145 cc Subsequent!}, Da\is and 
Hansen' inserted a Levine tube into the stomachs of 53 patients pre- 
operatively and found that an average of 126 cc of gas accumulated in 
the stomach during the operation No mention was made of obseriatioiis 
on sw-allowing by these patients 

Such a pauclt^ of data by no means constitutes proof of the non- 
CMstcnce of air swallowing as a factor in acute abdominal distention nor 
does it in any w'ay lessen the strong evidence fa\oring atmospheric air 
as the chief source of the distending gas Granted that the air comes 
down through the esophagus, the question arose whether or not am 
other mechanism than air swallowing could account for its entri \ 
review and investigation of other conditions in which atmosphenc air 
can accumulate m the upper part of the gastrointestinal tract seemed 
warranted The most pertinent literature concerned acute dilatation 
of the stomach, air sucking and esophageal speech These will be com- 
nienttd on and the results of experiments which dc\ eloped will l)c 
rejiortcd 

RHVILW' or TUn LIXnRATURC 

A Acute Gastnc Dilntohou — Rokitansk} in 1842, first described 
the postmortem obseriatioiis in a case in which “the stomach filled the 
entire abdomen,” and this is considered the first report of acute dilatation 

5 Kantor, J L A Stu(J^ of Atmospheric Air in the Upper Dici‘tne Tra t 

Am 1 M Sc. 155 820, 191S Kantor, 1 K and Marl s, T \ \ ctudi of 

Intestinal riatulcncc, Ann Int Med 3 403 l’12’l 

6 Meleer, M A , Benedict, E B, and Cline 1 W Tr Bou Op'rame 
Gascons Distention of the Intestine Experimental and Clinical Stiidv \r^’i ‘'jre 
13 5SS (Oct) 1926 

7 Da\is, n H, and Hansen T M Investipatio i of the Caine ani B' 
aeiition of Gas Bams Follow inp \bdoniinal Operation, ‘^nrren 17 --'C Kt' 

S \on Rokitansha C Handbucli der sp<-cirllrn paTho'opisrhen ar-alo - e 
ed ^ lenna, Brannn’iller ii Seidel 1842 aol 3 p 17^ 
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of the stomach Thirty years later Hilton Fagge ® recorded the classical 
clinical descnption of vomiting, tremendous gaseous and fluid distention 
of the stomach and collapse Subsequently epigastnc pain, abdominal 
tenderness, constipation, thirst and ohguna were found to be associated 
symptoms of variable seventy 

Acute dilatation of the stomach is customanly a complication of some 
preexisting medical or surgical problem In 90 per cent of the cases 
\omiting IS the presenting symptom,^® and m surgical patients this may 
easily be mistaken for the usual postoperative emesis Charactensbcally 
regurgitant, the vomiting amounts to a sort of overflow of a thin, brown- 
ish, nonfeculent fluid, often voluminous but affording little relief to the 
patient 

The most prominent sign of the disease is the tremendous gastnc 
distention Concerning the volumes involved there are few figures 
aiailable Usually only such descriptive terms as “stomacli greatly 
distended, chiefly with gas” or “stomach enormously dilated and 
reaching down nearly to the pubis” have been found Laffer ^® 
reported a case in which the distention was so great that the body 
could not be placed in a casket When a trocar was passed into the 
stomach “a great quantity of gas and a quart of milky fluid escaped” 
(compound spirit of ether N F had been administered) Three cases 
w ere found m which the gastnc volume could be calculated from reported 
postmortem measurements of the stomach In a case reported by 
Luckett the size of the stomach was 17 by 10 by 7 inches (43 2 
by 25 4 by 17 8 cm ), which represents a volume of at least 7,500 cc 
More conservative were the postmortem measurements of the stomach 
m 2 of Moore’s cases, from which the volumes were calculated to 
be 3,000 cc and 2,600 cc respectively Thomas and Harper recently 
reported a case in which they aspirated 2,000 cc. of gas 

The rapidity with which enormous acute gastnc dilatation develops 
has been frequently commented on, but seldom with the desired accuracy 
However, 11 cases have been collected m which there were notations 

9 Fagge, C H Acute Dilatation of the Stomach, Guy's Hosp Rep 18 1, 

1873 

10 Laffer, W B Acute Dilatation of the Stomach and Arteno-Mesentenc 
Ileus, Ann Surg 47 390, 1908 

11 Thomson, H C Acute Dilatation of the Stomach, New York, William 
Wood Compan>, 1902 

12 Broadbent, W , cited by Thomson.^i 

13 Luckctt, W H Visible Acute Dilatation of the Stomach Dunng Lapa- 
rotomj, J A M A 64 2055 (June 19) 1915 

14 Moore, J W Gastromescntenc Ileus, New York, M J 105 544, 1917 

15 Thomas, C A, and Harper, F R Acute DilataUon of the Stomach 
Following Left-Sided Phrenic Paralysis and Thoracoplasty, T Thoraac Surg 
5 507, 1935 
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of the distention time or sufficient data from •\^lllch it could be roughlj 
estimated These are shown m table 1 , and it is apparent that marked 
distention occurred witlnn fifteen minutes or less in 8 of the 11 cases 
The alleged factors causing acute gastnc dilatation arc both numer- 
ous and diverse, almost every common medical and surgical condition 
having been implicated Borchgrevink,’® reporting a senes of 144 
unselcctcd cases, related 44 different predisposing causes These, i\ith 
a few additions, are shown in table 2 Sex, race, occupation or cniiron- 
ment have not been found to be etiologically significant and no age is 
exempt, for Behhos saw acute gastric dilatation in a 9 month old 
baby, while Moore recorded the case of an 86 year old man 

To account for acute dilatation of the stomach many theoretic 
hypotheses have been proposed, as indicated by the following synonjTns 


Tablf 1 — The Rate of DtstenUon ut Acute Dtlafatton of the Stomach 


Author 

Dl'tcntlon Time 

Dirrcc of Dl'tcntlon 

I>oolln.““ ... 

"Fcir minutes’’ 

’’Alarmlnr fire ’ 

nnlTcr >0 

Less than one hour 

‘ Greatly diftended ' 

J Ann burp OJi <18,1010 

6 to 15 minutes 

* Fnormou'ly dllnt''d 

huckett “ 

15 minutes 

‘ Tremendous dl tmtion 

Mnllorj, T 11 New J-nKinnd J Med 

l/C's than two hours 

’ Tremendouf dl'tentlon 

-IIIMICO, 1033 

Mnjornl, A , Jr JAMA <141140, 
lOIC 

6 to 10 minutes 

Dtf tended to within 
three flnEerlmadth* of 
the ryraphy-ls iHihls 

Mclxcr*^ 

5 minutes 

nilatatlon 

Moorbrnd, L L J A M A R2 : IBM, 
1000 

5 minutes 

Dlftenllon to midpoint 
between the umlilllcus 
and pubis 

Novnk, J JAMA TTlSl, 1031 

"ly's than 30 reconds ’ 

■’FDOnnoug fit'’ 

llIrhnrdBOn, W' 0 llrit XL J 2 : 1302, 

6 to 10 minutes 

Diftended 

1013 

'Jliomns nnd llnrpcr’' 

"W Ithin SO minutes” 

•'Enormou* dl'tentlon 


commonly cinplojcd acute gastroduodenal atonj, acute postoperatue 
gastric paralysis, gastrocntcroplcgia, gastrorrhea and acute gastromesen- 
tcric ileus 

The atonic tlicor), first mentioned by Bnnton in 1859,''" holds that 
atutc dilatation of the stomach is the result of a rcflcv dicturbancc of 
the extrinsic gastric inncr\ation This allegedly produce'; ga'tnc ato.i\, 
as a result of which gases and Hinds ordinanh fonned in the •^tr'iiacli 
and intestines arc permitted to accumulate rather than being ah'-nrhed 

16 Borchprex ml O 1 \Mito Dihtaimn of the ?trn-ch and Itx Tteet 
nicnt, Surp , Gxncc Ob't IG G62 1915 

17 Bchlioa, D A \ctitc Dihntioa of the Stomach W ti! o„i - 

Bnt M 1 1 7-1, 1905 

IS. Bnnton, \V 1 tctnrc« on Dec <'<■ of lie Sii i_ch o! 1 1' ’ " 1 n 
Clnirclnlt I'l '^ons 1S50 rp 2^1-5fi0 
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or expelled The significance of atony in permitting the accumulation 
of large i olumes of gastric gas was demonstrated by Kelling and 
Braun and Seidel,"*’ who through gastnc fistulas artificially distended 
the stomachs of conscious dogs until eructation occurred In the same 
animals under anesthesia or after vagotomy they found that tivo to 
tliree times greater distention could be maintained without eructation 
However, such evidence supplies only a negative factor in explanation 
ot the atonic theory, for it stresses loss of tone without offering any 
proved positive mechanism to account for the distending gas 


Table 2 — Reported Causal Factors tn Acute Dilatation of the Stomach 


‘ Gnstrointestlnnl 
Appendectomy 

Bowel nnastomostg 

Gastroduodenostomy 

QastroJeJunoBtomy 

Gastrostomy 

Herniorrhaphy 

Pyloric roECCtion 

Abdominal and Pelvic Operations 
Biliary Tract 
Oholecyatectomy 
Oholecystostomy 

Drainage of hepatic 
abscess 

Genital Tract 

Cesarean section 

Anterior colporrhaphy 
Hysterectomy 

Oophorectomy 

Perineorrhaphy 

Salpingectomy 

Uterine fixation 

Urinary Tract 
^ephrectomy 
^cph^opcIy 
OrothroBtomy 

Extra Abdominal Operations 
Extremities 
Amputations 

Hip Joint resections 
Osteotomy 

Thorax 

Phrenlcotomy * 
Thoracoplasty * 

Vagotomy • 

Cholecystitis 

Diabetes 

Endocarditis 

Acute and Chronic Diseases 
Maxillary sinusitis 
Pneumonia 
‘ Rheumatism ' 

Typhoid 

Scarlet lever 

Sciatica 

Tuberculosis 

Lutnbodorsal scoliosis 
Spondylolisthesis 

Dctormitles 

Spinal tuberculosis 

MIscetlaneouB 

Anesthesia (general, spinal, local) Application of body cast 

Childbirth Abdominal trauma 

lYactures Ureteral catheterization 

Paraplegia Dietary Indiscretion 


• Added Irom other Bourcea 


Often Cited in support of the atonic theory are the reports of Hart- 
well,'^ Canon and Halhon and Smith,"” Avho claimed to have observed 
or produced acute dilatation of the stomach by cervical, transthoracic 

19 Kcihng’, G Ueber den Mcchanismus der acuten Magendilatation, Arch 
f klin Qiir 64 393, 1901 

20 Braun, W , and Seidel, H Klimsch-expenmentelle Untersuchungen zur 
Tragc der akuten ilagenenv eiterung, Mitt a d Grenzgeb d Med u Chir 17 
533, 1907 

21 Hartwell, J A , in discussion on Moschcowitz, A V Gastromcsenteric 
Ileus Following a Oioleo stectomy, Ann Surg 55 614, 1912. 

22. Canon and Halhon Dilatation de I’estomac par section des nervos vagues, 
Bull mfd , Pans 9 809, 1895 

23 Smith, H B Postoperatne Acute Dilatation of the Stomach, Boston M 
ft S J 161 529, 1909 
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or subdiapliragmatic \agotom3 None of these authors presented suf- 
fiacnt data to permit repetition of their ^\ork or proper e\-aUiation oi 
their results Furthermore, ^ago^om} has been produced thousand^ 
of times m dogs and sc\eral hundred times in human beings with on]\ 
an occasional case of true acute, gaseous, gastric dilatation occumne; 
as a complication,*^ though immotiht} and some degree of gastric 
atony may be a frequent postoperatne finding 

The theory of duodenal obstruction was proposed b} ^on Rokitan- 
sk)’’ in 1861 It stated that acute dilatation of the stomach is nothing 
more than a high intestinal obstruction occurring in the third por- 
tion of the duodenum the obstructing element being the mesentcrv 
and superior mesenteric lesscls oxcrljmg the duodenum as it crosses 
the spine ICundrat first reported 3 cases which illustrated this 
hpe of mechanical obstruction, and subsequenth Albrecht,*' Muller,-* 
Schmtrler -® and others haMng observed this condition in their own 
cases, joined in endorsing the tbeorj Since duodenal obstruction was 
.ictually found m onl\ 20 to 25 per cent of cases in which auto])s\ was 
performed, controversy arose as to whether this was a primar\ phe- 
nomenon or secondare to the gastric distention, which jnishcd the intes- 
tines into the pelvis, thereby tensing the mesentcr) and the eessels 
crossing the duodenum L R and C \ Dragstedt b\ obstnicting 
the third portion of the duodenum in 5 dogs showed that though see ere 
toMC symptoms developed within se\ent\-two hours the stoniachs 
remained small They concluded that primare duodenal obstruction 
did not cause acute dilatation of the stomach, but projxiscd that if 
duodenal obstruction occurred sccondar\ to gastric distention it could 
account for the seccre tOMC semptoms and collapse frequenth seen 

24 Tones, C M , m di'at'^ion on Crimson, K S . RnfTin, J and Holhndrr 
r Discu'ision on SMnpo'^inni on Peptic Llccr with Partiaihr Pcfcrence to 
Vapotonn Ga<:trocntcrolofn 7 615, 1^-16 

25 \on Kokitan'ka, C T chrhnch dcr p.atTiolopi<.rhcn Aintonne, nl S Vienna 
V Branmfillcr, 1861 aol ' 

26 Knndrat Uclicr cine crltrnc Form dcr inneren Incarceration V len nieJ 
\\ clnwchr 41 152 18^1 

27 Albrecht P \ Ueber artcrio nie«;cntcrialrn Danraer''chln'‘: an de* 
Duodeno-Tcjunalprcnrc nnd Seme nrvachliche Pencluinp -nr Mapcnerweitcn "p 
Vircliows \rch f path Anat I5G 285, ipoo 

28 ^^^IIIer P Leber aknte po<fo,icriti\< Mapendihtation h'-ra rpern'en 
durch artcnoimcentenalc nnodrnal-Kompre'' on Dei t'che 7t'c’’r f O ir 5C 
486, 1000 

20 Srhnit’lcr 1 Ueber nic'^intcriale Darm ncarcer-tion Wien 1 li P i’ 
«;i.hati 0 570 180S 

*0 Doohn W \cnte Dilatation 01 the ^jon-'ch Put I trf C 12' P’'' 
l^fTer 

*1 Drac<:tedt 1 P and Dr p''edt C \ \r' ‘e D '* of p . c. ^1 

1 \ M \ 70 612 101 1022 
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In 1912, Woodjatt and Graham®- advanced the theory that acute 
dilatation of the stomach is due to gastnc secretion of gas, the result 
of interference wth oxidabve processes m the wall of the stopiach as a 
sequela of local impairment of blood supply, general asphyxia or poi- 
soning The theory was based on the early work of Schierbeck,®® who 
reported high tensions of carbon dioxide in the stomach dunng the 
height of digestion However, tins later work has since given way 
to tlie conclusive obsen'ations of Mclver, Redfield and Benedict that 
the tensions of gases of the alimentary tract tend to approach those of 
the blood, obeying the laws of physical diffusion 

It seems apparent from the foregoing review that tlie mechanism 
of acute dilatation of the stomach still remains obscure and confused 
Most of the contributions to the subject have been efforts to explain 
the cause of the disease, while careful observations that might have 
given a clue to tlie source of the gas and its mode of transport to the 
stomach have been minimal In few of the cases reviewed was air 
swallowing even suggested as the means of accumulation of gas Rather, 
one keen observ'er, Luckett,^® reporting a case m which acute disten- 
tion occurred during surgical treatment, stated "I could distinctly 
feel and hear large gulps of air entering the stomach, and hear a noise 
in the throat, yet tlie patient was not swallowing, that is, the thyroid 
cartilage w’as apparently still and there was no visible motion in the 
throat” Similarly, Mclver*® recorded 3 cases of acute dilatation of 
the stomach during surgical treatment in which he stated that the occur- 
rence of sw allownng was not noted ather by lumself or by the anesthetist 
Since many reported cases of acute dilatation of the stomach have 
occurred during administration of a general anesthetic when the 
swallowang reflex might reasonably be expected to have been largely 
abolished, further doubt 'is cast on the role of ordinary swallowing as 
an important factor in the mechanism of this disease 

Though not ordinanly considered of significance in the mechanism 
of acute gastnc dilatation, the possible importance of abnormal respi- 
ration has been suggested Mention has been made of Alvarez’s'* 
comment of having observed peculiar, powerful respiratory movements 
pump the stomach full of air, and Klemptner®° m reviewnng the caus- 

22 Wood} att, R T , and Graham, E A Alimentary Respirabon, Ohio State 
M J 8 407, 1912 

33 Schierbcck, N P Skandinav Arch f Physiol 3 437, 1892 

34 McE cr, M A , Redfield, A C , and Benedict, E B Gaseous Exchange 
Between the Blood and the Lumen of the Stomach and Intestines, Am J Ph>siol 
76 92, 1926 

33 Mcl\er, M A Acute Dilatation of the Stomach Occurring Under General 
Anesthesia, Ann. Surg 8S 704, 1927 

LJemptner, D The Cause of Acute Dilatation of the Stomach, Ilhnois 
M T CS 159, 1935 
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alion of this disease said "A common factor in all eases of acute 
dilatation of the stomach associated iMth surgerj is a disturbed respira- 
tory mechanism ” Specific references to the character of the respiration 
in acute gastric dilatation are seldom made, though in Thomson’s ’ 
series of 44 eases 9 presented respirator) abnormalities as follo\ s 
pneumonia and/or pleurisy 4, pulmonar) edema 2, cmp}ema 1, marked 
dyspnea 1 and hiccups 1 

B Air Suclmg — Wcissgerbcr credited Kehrer in 1877 \ ith first 
suggesting that air could be “sucked” into the stomach Though fcv. 
details are reported, Kehrer is said to ha\c inserted a small rubber 
tube through the esophagus into the stomach of newborn infants and 
w'lth an attached nicrcur)’’ manometer recorded subatmosphcric intra- 
gastric pressures during the inspirator)' phase of respiration Actual 
figures were not recorded, but the author concluded that sucli “respira- 
tory sucking” accounted for tlic free gas in the stomach and intestines 
of the newborn Studying 7 newborn infants, Paine and Ncssa"" roent- 
gcnographically demonstrated gas in some part of the upper gastro- 
intestinal tract within fifteen minutes after birth Dillon,*'’ in an article 
on “The Respiratory Function of the Digestnc Tract as the Basis of a 
Rocntgcnographic Life Test,” stated that carcfull) ^c^lficd roentgeno- 
logic iincstigations “pro\e” that air ma) penetrate into the «tomacli 
w'lthout ail) gulping nioicmcnt, such “stomach respiration” accounting 
for the air bubble ordinarily seen in the cardiac end of the stomach 

Wylhc in 1895 wrote an excccdingl) interesting article carcfulh 
describing the mechanism of “air sucking,” wherein air could be intro- 
duced into the upper part of the ahmentar) tract without s^\^lIowmg 
After studying 3 students who performed this act \ohintarih he related 
the procedure bricfl) as follows Elcaatc the cbm and extend the neck to 
pull the larMix forward, then make an inspiratore effort against a 
elosed glottis direct larengoscopic examination of the upi>cr end 

of the esophagus during the act he obscr\cd that thi^ positioi produced 
a small opening in the normalh closed sphmeter at the phanngco 
esophageal lunction, referred to as the siipenor esophageal spbinrttr^'’ 

"7 Wci'^et iber, P Ueber <lrn ^tt^banI'^lus tkr Pu tiu i ii 1 It ''crl ’ er 
fiber <lcn Liifuintnu in den Mapen Nciirdnrcner Perl Ibn V. cbr<.d 15 '21 
1S7‘? 

Fame 1 R, anti Ke';«;a, C P Ob'crvatio"'- on il r D 'tri'i i i a 
Trainnoit of Gas m tbr GaMrointr*:tnnl Tr-'ct of I'-far' -rl t, O IJ'r-i 

c 11 ''51 loja 
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(this structure will be described later) With each inspiratory effort 
against a closed glottis air readily entered tlie esophagus and was 
belched dunng expiration or passed on into the stomach if eructation 
was suppressed Such air sucking is known to be a fairly common 
accomplishment of adolescent boys, who learn the procedure to become 
the most proficient "belcher” in their group Such persons will be 
referred to in this article as air suckers 

Intake of air dunng this act is apparently due to the negative pres- 
sure dei eloped dunng inspiration, for the esophagus is subject to the 
changes in pressure that develop in the intrapleural space Though 
negative intrapleural and thus intraesophageal pressures as low as 
minus 40 mm of mercury have been shown to develop dunng inspira- 
tion against an obstruction, Mclver demonstrated in anesthetized 
cats that the negative intraesophageal pressure developed dunng unob- 
structed inspiration could "aspirate” air through a rigid tube passed 
into the esophagus When a one way valve prevented its escape on 
expiration the air accumulated in the stomach, having been propelled 
from the esophagus by peristalsis or an esophageal-gastnc pressure 
gradient To account for a possible valvelike action in man Mclver 
postulated that the soft palate or the tongue might drop back, obstruct- 
ing the escape of air from the esophagus on expiration However, it 
seems apparent that such an obstruction would also interefere with 
pulmonary expiration, resulting in elevation of the intrapleural and 
consequently the intraesophageal pressure, which would tend to force 
the air out of the esophagus As will be brought out later, the possi- 
bility of a valvelike action of the superior esophageal sphincter seems 
a more likely explanation, for it would obstruct the escape of intra- 
csophageal air without mterfenng with pulmonary expiration 

C Esophageal Speech — Continued search for knowledge of any 
condition in which air enters the upper alimentary tract -without swal- 
lowing led to a consideration of the subject of esophageal speech After 
a laryngectomy many patients have been taught to "aspirate” air into 
the esophagus during inspiration, then eructate it back to produce 
Mbrations of the superior esophageal sphincter, such -vibrations being 
then converted mto speech by the oral structures 

Morrison stated that profiaency in esophageal speech depends 
on the character of the musculature of the pharyngoesophageal junc- 

41 Hc\-tisius, \ Ueber die Grosse des negative Drucks im Thorax beim 
nihigem Athmcn, Arch f d. ges Physiol 29 265, 1882 

42 Best, C. H , and Taylor, N B The Physiological Basis of Medical 
Practice cd 4, Baltimore, Williams 8. Wilkins Company, 1945, pp 297-298 

43 klomson, W W The Production of Voice and Speech Following Total 
Lao-ngcctomj Exercise and Practice for Production of Pseudovoice, Arch 
Ololamig 14 413 (Oct) 1931 
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tion (cncopliarj'ngeus muscle) and the abilit} of tlic subject \olun- 
tanl) to relax the superior esophageal sphincter, so that air can l>c 
taken in without snallouing Stetson*' has further shoun that the 
part plajed by the chest in esophageal ■speech is greater than normal, 
for the intake of air is dependent on the negatue intraesophaccal 
pressure dc^ eloped during inspiration 

Patients must learn to retain the aspirated air in an esophageal rescr- 
\oir, otherwise it will be propelled on into the stomach b\ pcnstalsis 
This WMS demonstrated cxperimcntall} by Qumchc who introduced 
air into the esophagus m dogs and found that within four to fne seconds 
it had been propelled into the stomach 1 hat this una\oidabl} occurs m 
jiatients being taught esophageal speech was shown fluoroscopicalh in 
more than 50 per cent of 100 patients studied In Stern Simihrh 
Morrison stated that in many patients some of the aspirated air “slips 
into the stomach where it increases the sire of the gastnc air bubble,’’ 
while others less satisfactorily used the stomach rather than the esophagus 
as their air reservoir It is interesting to note at this point that man\ 
ventriloquists are said to utilire esophageal speech for their manikin ” 
and the German word for aentnloquism, ‘‘Baucliredner,’’ is a combina- 
tion of two words meaning bell) speech 

The similariu between the mechanisms of air intake in air sucling 
and in esophageal speech is apparent The procedure for the former is 
described as clc\alion of the chin and extension of the neck to pull the 
larynx forward, while making an iiispiratorv effort against a closed 
glottis On the other hand larj'ngcctoiiiired patients being taught esopha- 
geal speech, while first learning, arc instructed to cleiate the Inoid bone 
and "close the tracheal opening with their finger, then attciiijil to msufilate 
air into the csojihagus during the act of chest expansion ’ In both 
instances the act is dependent on relaxation of the supenor esophageal 
sphincter while a negatne intracsophagcal pressure is de^ eloped b\ 
inspiration It is coiiccnablc that tins mechanism, or some modificatioii 
of it, ma) occur in acute dilatation of the stomach and other commomr 
tajacs of acute abdominal distciitton 
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experimental methods and results 

A Experiments on Animals — The most direct approach to the 
study of the mechanism mvolved m acute gastric distention seemed to be 
to produce this condition in animals, and then to observe and record the 
factors involved in the process Taking suggestions from several reports 
of tlie intentional and unintentional development of acute distention of the 
stomach found in the hterature, we made attempts to reproduce such 
results in dogs The methods employed and the results obtamed are 
briefly recorded in table 3 Since none of the methods employed con- 
sistently produced acute distention, only the results of two associated 
experimental studies -will be discussed 

As was previously mentioned, Mclver*" produced acute gastnc 
distention in anesthetized cats by inserting a glass tube with a one ^vay 
\ alve into the upper part of the esophagus Since the tube merely over- 
came or eliminated the action of the superior esophageal sphincter, it 
became apparent to us that this structure must be the normal obstructmg 
mechanism to the ingress of air into the esophagus without swallowing 
Anatomically, in the dog, this sphincter was found to be composed of a 
well formed mucosal fold with a circular hp directed caudad, as shown 
m figure 2 This structure ivas found at the pharyngoesophageal junc- 
tion at the same level as the transverse fibers of the mfenor pharyngeal 
constnetor muscle, and together the mucosal fold and the constnetor 
muscle fibers form the superior esophageal sphincter, first desenbed by 
Killian in 1908 Like other sphincters of the alimentary tract it should 
favor the ingress of matter while preventing the escape cephalad 

In view of these facts it was considered pertinent to determine 
w hether the tone of the superior esophageal sphincter could be decreased 
sufficiently to allow the ingress of air into the esophagus coincident with 
the negative mtraesophageal pressure developed dunng inspiration 
First, a reflex was sought that might relax the sphincter tone or cause 
the structure to act as a one way valve Because of the high incidence of 
acute distention following abdominal surgical treatment, intra-abdominal 
stimuli were considered most likely to produce such an effect Secondly, 
denen^ation of the sphincter was performed to determine whether tins 
wuuld reduce its tone and permit entry of air 

1 Effect of Intra-Abdominal Stimuli on Tone of Supenor Esophag- 
eal Sphincter In 8 dogs anesthetized with ether a small recording 
balloon was inserted into the supenor esophageal sphincter and attached 
b} a rubber tube to a water manometer which recorded on a revolving 
kymograph drum Simultaneously tracings of respiratory and swallow- 
ing movements were made With this arrangement stimulation of the 
cchac and mesentenc plexuses, splanchnic nerves, sympathetic trunks 
and celiac artery was earned out wnth faradic current In addition, 
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Table 3 — Summary oj Attempts to Produce Acute Gastnc Distention in Dogs 
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severe trauma to the bowel by tamponade and traction, distention of 
gallbladder and duodenum with balloons and chemical irritation of the 
pentoneum with alcohol were tned Eleven such procedures in 8 
dogs did not result in any appreciable change in the tone of the supenor 
esophageal sphincter In 7 of another series of 17 lightly anesthetized 
dogs subdiaphragmatic vagal stimulation with moderately intense faradic 
current produced a short penod of apnea followed by h)T)erpnea, 
Mgorous clonic contractions of the diaphragm and pronounced fluctu- 



Fig 2 — Superior esophageal sphincter m the dog Note that the hp is directed 
caudad 

ahons in tone of the supenor esophageal sphincter A typical traang is 
shotvn in figure 3 In 3 instances definite acute gastric distention 
occurred coincident with this phenomenon, tlie stomach protruding 
through the abdominal wound and necessitating release of 250 to 400 cc 
of gas ith a sj ringe and needle before the stomach could be replaced m 
the abdominal cavity Though the source of gas and the actual mecha- 
nism ln^ oh ed in its transport could not be definitely ascertained in these 
instances, true s\\allo\Mng ■was not seen to occur The rate of accumu- 
lation of gas in these dogs, thirty to sixta seconds, favors an exogenous 



ORRIS RT AL—ACbTL IBDO’II'^AL DISTLRTIO\ 


115 


source, and the concurrent po^\er^ul re'-jniator} c'cursinns seemed to 
I)c an important part of the process 

lhat the upper esophageal sphincter acted as a one .a} \al\c i'; 
unlikely, for kjmograms of this phenomenon made on a rapidh rc\ol\in[: 
drum showed increased sphincter tone during inspiration and relaxation 
during expiration It was considered that the recorded actniU of tl.i 
splnnctcr might mcrel) he sccondar\ to Mgorous rcspiratorv c'airsm.is 
Init in 2 instances the numher of fluctuations in sphincter tone did nrjt 
correspond with the numher of deep respirations rurthermnre taclnp- 
nea produced by mlra^cnous injection of 1 cc of iir per lilogram of 
body w'cight and hjperpnea induced by the intra\cnoii<; injection of 
1 S cc of dilute Indrochlonc acid failed to prodiue comp irahli fluctu- 
itions in the lone of the (so|)lngeaI sphnutei 
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surgical transection of all visible nerves m the vicinity of the hypo- 
pharynx and upper end of the esophagus This dog was unable to 
swallow food or water on recovery from the operation, and dunng the 
observed penod of six days no distention developed 

Experimental work on esophageal innervation now being earned out 
by Hwang, Grossman, and Ivy at the University of Illinois has revealed 
that a small nerve, apparently arismg just above the ganglion nodosum 
of the vagus, supplies tlie main motor innervation to tlie cervical part of 
the esophagus in the dog Its control over the superior esophageal 
sphincter has not been established, 'but experiments are contemplated 
to determine the effect of bilateral transection of this nerve 
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Fig 4 — A, bromoform manometer tracing of negative intragastnc pressure 
developed dunng mspirabon against a closed glottis B, bromoform manometer 
tracing (tube m lower part of esophagus) of negative intraesophageal pressure 
de\ eloped durmg inspiration against a closed glottis 


B Experiments on Hnman Beings — ^The inability to produce 
acute distention consistently in dogs nullified any attempts to determine 
the mechanism by this means On the basis of recorded descriptions of 
air sucking it seemed relevant to study the factors involved in this act to » 
determine their applicability to the mechanism of acute distention 

1 Intraesophageal and Intragastnc Pressures Developed During 
Inspiration Against a Closed Glottis First, the intragastnc pressure 
developed during inspiration against a closed glottis was determined 
Each of 7 subjects swallowed a small Levine tube until the attached 
recording balloon lodged in the cardiac end of the stomach The external 
end of the tube was then attached to a bromoform manometer and the 
Inlloon inflated witli 30 to 40 cc of air After a short normal recording 
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on a slov.ly rc\ohjng kjmograph the seated subject ^^a5 first oircctcd 
to make sc\cral inspirator) efforts against a closed glottis Tiic.i in 3 
sulijccts the balloon ^\as deflated and ^.ltlldra^\•n to the ]c\cl of the 
lower part of the esophagus, where it was fivcd and rcinflatcd with 
5 to 10 cc of air After a short control period the subjects again made 
insjiiratory cfTorls against a closed glottis while additional tracings were 
made r)piGal tracings arc sho\.n m figure 4, while the summanred 
results coinertcd to water pressure arc recorded in tab’c 4 It is appar- 
ent from the results that inspiration against a closed glottis co v cried a 
normally positnc mtragastnc pressure of -J- 2 to -J- 16 cm of valcr 
to an aeerage negatne pressure of — 296 cm of ^valcr Similar]), the 
same act markedly increased the normal!) negatne mtracsophageal pres- 
sure from — 6 cm to — 31 1 cm of water 

2 Volumes of “Aspirated" Air (o) During air •Jiicking Tlic 
\olumc of air that could be “aspirated" per sucking effort b\ 5 subjects 
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Fig S — Apparatus utilized in recording volumes of gastric gas 
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Fig 6 — Recording spirometer tracing of air “aspirated” into the stomach by 
air sucking 
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(b) During in'^piralion against n dosed glotti' General!}, "nen- 
air-sucKtrs" are unable to aspirate air, prolnlih because tlic’ ha\c not 
learned to relax %oluntanl} ibc superior esophageal sphincter Hoi. ever. 
3 such subjects v.cre studied according to the preiious procedure ocept 
that this time the spirometer was filled iMth air and in’^tcad of lx;ing 
directed to such air the} iicrc told to male m<-pirator} cfTo'ls against 
a closed glottis The negatne pressure thus dci doped in the stomach 
withdrew air through the Lcianc tul>c from the spirometer Wll \ 
one \\a} flutter \ahe inserted in the recording apparatus, at; dioisn 
in figure 5, preientcd the air talcn into the stomach from returning 
to the spirometer, and as the aspirated air accuniulate-d in the '=10 inch 
the subject eructated Volumes of air aspirated m this manner arc 
gnen in table 6, the} a\eragcd G0 2 cc. per effort 

1 Aiiur 5 — Vohditr oj 'Itr Asfnraicd info S/orioc! l'\ Atr Swrii ' <7 
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It IS apparent that the negative intraesophageal pressures created 
dunng the inspiratory phase of respiration were suffiaent to aspirate 
air into the esophagus when the supenor esophageal sphincter ^vas 
intubated Minute volumes being calculated, the average results amounted 
to 39 5, 43 7 and 91 9 cc of air per minute dunng normal, moderate 
and deep respiration respectively Thus, m one minute of very deep 

LEVINE. TUBE IN LOWER 
OESOPHAGUS 
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Fig 7 — ^Record of air “aspirated" into the esophagus during five minutes of 
moderate and five minutes of deep respiration. Levme tube m lower part of 
esophagus 

respiration 2 32 times as much air was aspirated as dunng the same 
penod of normal respiration 

C CItntcal Case Studies . — 1 A Case of Air Sudang Mrs N A, a 38 year 
old housewife, presented a chief complamt of “attacks of belching” preapitated 
bj "nervous exatement” In sequence her symptoms were exatement, dyspnea, 
abdominal distenUon and substemal or epigastric pain followed by rapid eructabons 
of 1 nonoffensive gas These eructations had occurred twenty to thirty bnies 
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j)cr minute, in'l iJurmf' ‘attaeVi thej would contnuc i'o~n a ■'^c \ r- nu*t' to a 
whole day Folio \mr the first attach, in 193E, the patient was ho«p tahred ss 
1 l>ed jiatient for six a eel s iKxau c of llic suhstcnnl pan \ hidi was att-^i'ru.cd 
to coronar> occlusion Llcctrocardio, 'graphic studies fade! to ‘j'jo-ntii'c •'' ' 
diagnosis, and on return of ^Mvploms the diapnosis vsas that 'he vas “ac'r-jharic.' 
thouph swallow inp vas denied 
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Tins patient was observed fluoroscopicall> while she dranl- i half pl^ss of thin 
Innum meal The lumen of the esophnpus appeared mcdcntcU wHcnrd h t 
otherwise normal and initialh onlj a 'mall Inibhlc of pas was M'lhle in the 
stomach, as shown in fipure 8/1 The patient, 'omewhat apprehensive, wa' tl cn 
told that she was about to receive a rather painful treatment This precipitated 
an "attack," and air immcdiatch bepan to traverse the csnpliapus and enter the 
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•tir curVmr^ 
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open and snoring loudlj He exhibited Cheyne-Stokes respiration, and pro- 
nounced abdominal distention had developed, though some flatus had been passed 
per rectum 

A Wangensteen continuous gastric suction was started, and a volumetric bottle 
was inserted in the system to measure the gas withdrasvn. Dunng the subsequent 
four hours 1,000 cc. of gas was aspirated from the stomach, without any apparent 
effect on the degree of distention No true swallowing was noted dunng the tunc 
that could account for entry of the volume of gas withdrawn However, it ivas 
observed that at irregular intervals the patient s tongue seemed to fall back ui 
the throat, obstructing respiration At the same time respiratory efforts contuiued, 
the thorax “jerking” rhythmically on inspiration Almost simultaneously with 
these efforts from 10 to 30 cc of gas returned through the Wangensteen apparatus 

This patient seemed to be using the mechanism of air sucking With his jaw 
and throat relaxed he was making inspiratory efforts against a laryngeal obstruc- 
tion His distention could be explained on the basis of an “aspiration” of a greater 
1 olume of air than could be readily absorbed or expelled 

COMMEKT AND SUMMMARY 

Enormous abdominal distention occasionally occurs so rapidly that 
exogenous air is the only feasible source of the distending gas The 
means, however, whereby air gams access to the upper part of the ahmen- 
tar}' tract in such acute distention has not been definitely established, 
though air swallowing is generally assumed to be the mechanism 
involved While in the vast majonty of cases no definite observations 
on air swallowing are reported in the hterature, in several instances 
extensive acute distention has been observed to occur in the absence 
of true swallowing In an attempt to leam how this occurs conditions 
m which air is thought to gain entrance to the upper part of the alimen- 
tary tract without apparent swallowing have been reviewed Of sig- 
nificance among these are acute dilatation of the stomach, air sucking and 
esophageal speech 

For experimental purposes acute dilatabon of the stomach was 
selected as a representative entity amenable to study Available infor- 
mation indicated that in this disease large or tremendous volumes of gas 
not infrequently have accumulated m the stomach within a few minutes 
When accurate observations have been recorded swallowing was not 
noted to be the means of air entry, in fact, in a few cases a definite 
statement to the effect that swallowing did not occur has been made 
A renew of the etiologic precursors and proposed hypotheses of the 
mechanism m this disease provided no adequate explanation for its 
occurrence, but the acute onset and the wide variety of etiologic factors 
strongl) suggested a reflex nenmus mechanism In the light of present 
day knowledge of extrinsic gastric innervation either reflex vagal inhi- 
bition or splanchnic stimulation could conceivably be implicated Though 
seldom considered of significance the possible role of abnormal res- 
piration as a factor in the distention mechanism deserves consideration. 
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intubated with a Levine tube also “aspirated” significant volumes of 
air by inspiration against a closed glottis In fact, merely forceful 
respiration caused air to enter the esophagus and accumulate in the 
stomach when the superior esophageal sphincter was intubated and a 
one way valve prevented escape of this air on expiration In view of 
these findings it seems reasonable to suggest that without swallowmg 
some reflexly induced valvelike action of the supenor esophageal sphinc- 
ter might conceivably account for the means of entry of air in acute 
distention 

Although no unequivocal solution to the mechanism of acute dis- 
tention has been reached by these studies, it appears likely that in cases 
in which actual swallowing is not observed air sucking may be the 
mechanism involved What keeps every one from sucking air is the 
resistance offered by the supenor esophageal sphincter, and one might 
postulate tliat general debilitation, anesthesia or some reflex may 
decrease the tone of this structure and allow sigmficant volumes of air 
to enter the upper part of the gastrointestinal tract The possible role of 
respiration in such a mechanism has also been menfaoned 

CONCLUSIONS 

1 Considerable evidence in the literature has established the fact 
that atmospheric air usually constitutes the largest percentage of dis- 
tending gas in acute intestinal obstruction 

2 To determine how air gams entrance to the gastrointestinal 
tract through the esophagus there is need for more accurate obser- 
vations on patients with acute abdominal distention, with evaluation 
in particular of the commonly accepted role of air swallowing 

3 Comparatively large negative intragastnc as well as intraesophag- 
eal pressures develop during inspiration against a closed glottis 

4 Normally the superior esophageal sphincter prevents air from 
entering the upper alimentary tract without swallowing 

5 By voluntarily relaxing the tone of this sphincter and inspiring 
against a closed glottis air suckers and patients learning esophageal 
speech can “aspirate” air into the esophagus and stomach 

6 The volume of air that can be “aspirated” by air suckers, and 
by “non-air-suckers” whose supenor esophageal sphincter is intubated, 
IS considerable 

7 In disease, during anesthesia or as a result of a reflex, a decrease 
m tone of the supenor esophageal sphincter might readily allow the 
entrance of exogenous air into the upper gastrointestinal tract without 
swallowing Increased negative intraesophageal and intragastnc pres- 
sures developed dunng abnormal respiration might well be an added 
factor in such a mechanism 

(Dr A C Li) University of Illinois, Chicago 
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the small intestine of dogs, it was subsequently prepared m purer form 
by Gray, Bradley and Ivy ^ from the mucosa of small intestine of hogs 

METHOD 

The routine Mann-Wilhamson operation, as reported in a separate 
pubhcation,* was performed on all ammals Intravenous pentobarbital 
sodium anesthesia was used Silk suture matenal and open type ana- 
stomosis were routinely employed Enterogastrone tablets, 0 5 mg , 
obtained through the courtesy of the Abbott Laboratories, were given 
orall)% 8 tablets (4 Gm ) daily, starting one or two days postoperatively 
and continuing until the date of death of the animal Diet consisted of 
hospital left-over food, prinapally meats, without vitamin or other sup- 
plements A previously reported control series of 28 dogs on which the 
Mann- Williamson operation has been done ® was used as a basis for 
companson with the present study 

Table 1 — Enterogastrone Senes Incidence of Ulcer and Survival Tune 


Average 
Days Dogs Still 
Alter Alive 



Dogs 

Died 

Xo 

Dicers Dicers 

Opera 

tlon 

After 

Operation 

Control 

28 

28 

28 

0 

n 

0 

ilann Williamson operation, enterogastrone 

16 

14 

11 

8 

96 pins 

1* 


• Alive 259 days on April 20, 1047 See lootnote at bottom ol table 8 

RESULTS 

Fifteen dogs, including both sexes, composed the enterogastrone 
senes Fourteen dogs have died with average survival time of 844 
days Including the 1 living dog the average survival time is 96 days 
at the time of the report, compared with 71 days for the control senes 
(table 1) 

In the enterogastrone-treated senes the longest survival time is 259 
days (compared "with 135 days in the control group) , the shortest 
survival tune was 25 days (compared with 13 days for the control group) 

Eleven of the enterogastrone-treated dogs died with jejunal ulcers, 
(wth an average survival tame of 97 days) The ulcers were located 

4 Gray, J S , Bradley, W B , and Ivy, A C On Preparation and Biological 
Assay of Enterogastrone, Am J Physiol 118 463 (March) 1937 

5 Saltzstein, H C, Sandneiss, D J , Hammer, I M , Hill, E J , and Van- 
denberg, H , Jr Effect Vagotomj on Mann-Wilhamson Ulcer in Dogs, Arch 
Surg , this issue, p 130 

6 Beaver, D C , Sandweiss, D J , Saltzstein, H C , Farbman, A A, and 
Sanders, A W Effect of Unne Ebctracts on Prevention and Healing of Experi- 
mental Ulcers m Dogs, Am J Qm Path 12 617 (Dec ) 1942 
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in the jejunum opposite the gastroenterostomy stoma, m the direct hne 
of flow of gastnc contents Grossly, the ulcers varied m diameter from 
0 5 cm to 6 0 cm One animal showed three ulcers In the remamder, 
only one ulcer was present Jejunitis was not observed in any of the 
dogs Ulcers of 4 of the animals were examined microscopically They 
failed to show epithelization, but in all there was a varymg degree of 
fibroblastic and vascular prohferation of the ulcer base which did not 
vary significantly from that observed m the control senes 

Of the 11 dogs with jejunal ulcer, 10 had perforated ulcers, general- 
ized pentonitis accounting for death The ulcer in the eleventh animal 
was superficial, the animal dying from pneumonia Three dogs died 
without ulcer (with an average survival time of 38 days) The cause 
of death in those ammals is shown in table 2 

The 1 living dog m the enterogastrone senes (259 days of post- 
operative survival) went through a successful pregnancy dunng treat- 
ment, which might have had some benefiaal effect (on its survival time) 

Table 2. — Enterogastrone Sertes Survival and Causes of Death in Dogs 

Without Ulcer 


Days 

Dog After Operation Cans® of Death 

1 
2 
S 


60 Cachexia 

30 Peritonitis 

25 Intestinal obstruction, Intussusception 


for peptic ulcer m women has been shoivn to be relieved and benefited 
dunng gestation ^ (Also see footnote at bottom of table 3 ) 

COMMENT 

In the present senes some benefit from the oral administration of 
enterogastrone was observed Three (21 per cent) of 14 dogs did not 
expenence ulcer as compared with the presence of ulcer at autopsy in 
all of the 28 dogs m the control senes 

Three of the animals that died with ulcer lived longer than the 
maximum survival time of our control animals (i e , 186, 180 and 256 
days) One of tlie enterogastrone-treated animals is still ahve and in 
good condition two hundred and fifty-mne days after the Mann-William- 
son operation (See footnote at bottom of table 3 ) 

The madence of ulcers (79 per cent) and average survival time of 
96 days in the present series compare unfavorably ivith results of a 

7 Sandweiss, D J , Saltzstein, H C, and Farbraan, A A Pre5enUon or 
Healing of Expenmental Pephc Ulcer m Mann-Wilhamson Dogs wath Antenor 
Pituitary-Like Hormone (Antuitnn S) Preliminarj Report, A.m J Digest Dis 
5 24 (March) 1938 




128 


ARCHIVES OF SURGERY 


similar senes reported by Ivy ® The fact that the diet in our senes 
was not supplemented by pancreas or raw liver may have contnbuted 
to the comparatively short survival time However, our control senes 
did not receive these supplements in their diet It is also possible that 
the enterogastrone used by Ivy, and prepared m his own laboratory, 
might have been more potent However, the commeraal product fed 
our dogs was prepared by the same metliod and under Dr Ivy’s direc- 
tion If the difference in our results should be explained by vanabon 
in potency, then mdeed, the present method of preparing enterogastrone 
and the present method of assaymg the potency of the product need 
immediate reevaluation if it is to be used therapeutically on patients 
with ulcers 


Table 2 — Enterogastrone Senes Summary of Results 



Survival 


Dicer 



Time, 

^ 

A , 


Dog 

Days 

Appearance 

Measurements 

Cause of Death 

1 (dog 2, table 2) 

30 

None 


Peritonitis 

2 

89 

Perforated 

8 mm diameter 

Peritonitis 

3 

88 

Perforated 

8x6 cm. 

Peritonitis 

i 

66 

Superficial 

1 cm 

Pneumonia 

6 (dog 1, table 2) 

60 

None 


Cachexia 

6 

62 

Perforated 

1 z 1 cm 

Peritonitis 

7 

176 

Perforated 

6x8 cm 

Peritonitis 

S 

88 

Perforated 

8 ulcers OA X OA cm 

Peritonitis 

9 

73 

Perforated 

Ixlcm 

Perltonltts 

10 (dog 3, table 2) 

26 

None 


Intussusception 

U 

80 

Perforated 

1 cm diameter 

Peritonitis 

12 

86 

Perforated 

IxlAcm 

Peritonitis 

18 

266 

Perforated 

lA z lA cm 

Peritonitis 

14 

180 

Perforated 

2 cm diameter 

Peritonitis 

IS 

269* 

(4/20/47) Still aUve 



Average (exclusive 

of 




dog 16) 

844 

No ulcer 8 



Average (Inclusive 

Of 




dog 16 ) 

96 

Perforated 10 





Snperfidal 1 





StQl alive 1 




* An exploratory operation was performed 880 days after operation The upper gastro- 
enterostomy stoma was clean and smooth and there was no ulcer or Induration Howeyer, 
the lower anastomosis was found to have been made 22 Inches (65^ cm ) from the neowal 
valve Instead of the routine 10 to 12 Inches (25 to SO cm ), and this might have been responsible, 
at least In part lor the prolonged postoperative survival time and the absence of an ulcer 
at tbe time of the exploratory operation 


SUMMARY 

The effect of orall> administered enterogastrone in a senes of 15 
dogs on which the Mann-Wilhamson operation had been done was 
studied Results were compared with a previously conducted control 
senes of 28 dogs 

Survival time of the enterogastrone-treated senes is 96 days while 
that of the control senes was 71 days 

Twenty-one per cent (3 dogs) of the enterogastrone-treated senes did 
not have ulcer, there was an average survival time of 38 days for this 

S. Ixn, \ C The Problem of Peptic Ulcer, J \ Af \ 132 1053 fDec 28) 
1946 
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group Of the 79 per cent (11 dogs) that died with ulcer (average 
survival time 97 days) 10 had perforated ulcers In the control senes, 
all the dogs showed ulcer at autopsy, and 72 per cent of the ulcers were 
perforated 

Three of the enterogastrone-treated animals that died with ulcers 
lived longer than the maximum survival time of our control dogs 
175, 180 and 256 days One of the treated dogs is still alive and in 
good condition 259 days after the Mann-Wilhamson operation (See 
footnote under table 3 ) 

The results of this study show that some benefiaal therapeutic effect 
on expenmental Mann-Wilhamson ulcers m dogs was obtained by the 
oral administration of enterogastrone 





EFFECT OF VAGOTOMY ON MANN-WILLIAMSON 
ULCERS IN DOGS 

H C SALTZSTEIN, MD 
DAVID J SANDWEISS, MD 
JOHN M HAMMER, MD 
EDWARD J HILL, MD 

AND 

HENRY J VANDENBERG Jr, MD 
DETROIT 

T he present btud}' was conducted for the purpose of deter- 
mining the effect of vagotomy on experimentally produced Mann- 
Williamson peptic ulcers in dogs Although there are other methods 
of experimentally producing peptic ulcers, the Mann-Wilhamson 
operation uas chosen because the jejunal ulcer which ensues closely 
simulates the postoperative jejunal ulcer seen m man In 98 to 100 
per cent of control animals jejunal ulcers develop after the operation 

METHOD OF STUDY 

The Mann-Wilhamson operation was performed in the standard manner, viz 
transection at the pylorus, closure of the duodenal stump, transection of the jejunum 
4 inches (101 cm) beyond Tnetz’ ligament, end to side gastrojejunostomy usmg 
the distal cut portion of the jejunum and side to side jejunoileostomy anastomosing 
the proximal cut portion of the jejunum to the ileum 25 cm above the ileocecal 
valve (fig 1) This short-circuits the bile, pancreatic juice and duodenal secretions 
mto the terminal ileum Ulcers nearly always form directly opposite the gastro- 
enterostomj stoma. The short-circuiting of the upper segment of the small bowel 
causes nutntional disturbance resulUng in loss of weight and frequently in diarrhea 
Ivy 1 has obviated this by dady feedings of whole pancreas and liver In the present 
studi tlie diet consisted of hospital left-over food, principally meats, with no 
supplements, similar to the diet gnven to our control senes 

Intra^ enously administered pentobarbital anesthesia was used, the average dose 
being 1 grain (0 06 Gm ) per 5 pounds (2 3 Kg ) of body w eight Endotracheal 
intubation was used in all cases Surgical approach for vagotomy ^vas made 
through the left seventh interspace The trunks of the two mam vagus nerves and 
an\ anastomosing branches were isolated m the immediate supradiaphragmatic 
region and a 1 to 2 inch (2 5 to 5 cm ) segment of the antenor and posterior vagi, 
with all nsible branches, was removed Oxygen was administered as necessan 
The lungs were reexpanded before the chest wall was closed In several cases the 
chest was aspirated postoperativelj to determine the presence or absence of 

From the Research Division, Harper Hospital 

Presented at the fourth annual meeting of the Central Surgical Assoaation, 
Qiicago Feb 22 1947 

1 Iv\, A C The Problem of Peptic Ulcer, JAMA 132 1053-1039 
(Dec 28) 10J(, 
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Fig 1 — The Mann-Williamson operation The diagram shows steps in the 
procedure (1) transection of stomach at pylorus and closure of duodenal end, 
(2) end to side gastrojejunostomy utilizing upper part of jejunum, and (3) jejuno- 
ileostomy at 25 cm above cecum 



Fig 2 (dog 4) — Jcjunitis of mild se\cnt\ \iiimil sunned thirti -three da\s 
after \agotom\ The miicocn «lio\\s patchx rcddining mth some confluence. No 
ulcer IS present 
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pneumothorax and therapeutic aspirations were repeated daily as necessary Usually 
one or two aspirations sufficed. 

Vagotomy preceded the Mann-Williamson operation m 1 animal (table 1, dog 1) 
The postvagotomy gastnc dilatation so frequently encountered made the Mann- 
Wilhamson operation more difficult to perform Performmg of the two procedures 
simultaneously was tned, but the ammals withstood these operations poorly and 
only 1 survived long enough to be included m the senes (table 1, dog 10) Vagotomy 
\vas performed after the Mann-WiUiamson procedure m 10 cases 

The average mterval between the Mann-Williamson operation and vagotomy 
\vas eleven days In compilmg our results no ammal was used unless it survived 
the second operation for a minimum of twelve days 
Preoperative care consisted of twenty-four hour fasting No preoperative medi- 
cation vas given Routine postoperative care followmg the Mann-Williamson 



Fig 3 — Severe jejumtis The ammal survived five days after vagotomy (there- 
fore not included in ffie senes) Note diffuse, marked reddening and thickening of 
mucosa, present in upper 25 cm of jejunum 

operation consisted of administration of fluids orally for twenty-four hours, fol- 
lowed by a general diet Five per cent dextrose m saline solution was occasionally 
given postoperatively, intravenously or subcutaneously durmg the first few post- 
operative dajs, when indicated. Followmg reaction from anesthesia after vagotomy 
the regular diet was resumed. Gastnc aspiration was performed on 5 dogs (dogs 
6 through 10, table 1) Aspiration was performed once daily for four days routinely 
and then discontinued unless the stomach contained abnormal amounts of food 
or fluid. 

RESULTS 

CXlNTROL MANN-WILLIAMSON ULCER SERIES 

A pre\ lously reported senes of 28 control dogs with Mann- 
W illiamson ulcers has been used for companson * All of these am- 
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mals died with typical jejunal ulcers, the average survival time \vas 
seventy-one days followmg operation (minimum thirteen days and maxi- 
mum one hundred and thirty-five days ) Seventy-two per cent of the 
ammals died of peritomtis followmg perforation of an ulcer Only 
two of the ulcers showed attempts at healing There was no evidence 
of jejunitis or gastnc dilatation m any of the cases 



Fig 4 — Normal jejunum of dog showing mucosa Note regular arrangement 
and length of villi Xl2S 


MANN-WILLIAMSON-VAGOTOM\ SERIES 

In tins senes 12 dogs sunnied (he Mann-Wilhamson operation 
nineteen days or longer, and the lagotonn operation t\\ehe days or 
longer These 12 dogs compnsc our senes 

2 Beaicr, D C, Sandwciss, D J , Saltzstan H C , Farbman A \ and 
Sanders, A W Effect of Unne Extracts on Pre\ention and Healing of Experi- 
mental Ulcers in Dogs Am T Oin Path 12 Clz-GZ'! (Dec "i 
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1 Postoperattve Survival Time — The survival time was consider- 
ably shorter m the vagotomized senes than m the control senes, being 
fifty-one days following the Mann-Williamson operation (forty-four 
days following vagotomy) compared to seventy-one days for the con- 
trol series 

2 Mann-Williamson Ulcers — ^Jejunal ulcers were found m 6 of 
the 12 animals (table 1) Of greater sigmficance, however, is the fact 



Fjg 5 — Se\ere jejunitis :n dog after vagotomj and Mann- Williamson opera- 
tion. Note thickening and increased length of villi vith cellular infiltration Under 
same magmficaUon as figure 4, x 125 


that of the 8 animals that lived more than one month after the Mann- 
Williamson operation (twenty-four da3's after tagotomy) 6 were found 
to have ulcers 

In previous expenence, if any substance or method had a prophy- 
lactic or therapeutic effect on Mann-Williamson ulcers, it was more 
etndent the longer tlie dog stirtut ed , i e some of the ulcers which 
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routinely develop after one or two months were prevented or healed, 
or the sunnval time of the animal was prolonged These beneficial 
effects were not observed after vagotomy 

Of the 6 animals that died with ulcer, in 2, a single small super- 
ficial ulcer was present Two others had penetrating ulcers (one 0 5 cm 
m diameter, the other 3 0 cm m diameter ) One had three ulcers 
(each measunng 1 cm m diameter, one perforated, one penetrating 
and one superficial) The last dog had an ulcer uhich was 2 cm in 
diameter and had perforated 


Table 1 — Series of Dogs on Winch the Operation and Vagotomy Were Perjonned 



Survival 







Mann 

Sur 






WlUlnm 

vlvnl 






son 

Vngot 


UJeer 




Operation, omy, 

Dllotatlon 

f A 

^ 

Jejunitls 

Doc 

Dajs 

Days 

Oto — 

Type 

Diameter 

0 to — 

!• 

lo7 

1S2 



Penetrating 

8 0 cm 

^ 


O') 

43 

— 

Suporflelnl 

0^ cm 

0 

s 

34 

24 

0 

Perforated 

3 6 cm 


4 

3S 

33 

— — 

None 




G 

60 

2S 

— 

Superficial 

10 cm 

— 

G 

GO 

3$ 

0 

Penetrating 

0 5 cm 

0 

7 

01 

74 

0 

None 


0 

S 

10 

12 


None 


— — 

0 

20 

17 


None 



lot 

47 

47 

— 

Pcrlorafcd 

1 0 cm 

0 





Penetrating 

1 0 cm 

0 





Bnperflelal 

10 cm 

0 

11 

10 

14 


None 


— 

IS 

21 

10 

— 

None 


0 

Average 

01 

44 





Totols 


mintatlon — 9 

Ulcer — 0 


Tojnnltls— 7 




None 8 

No ulcer— 0 


None — 5 


* VoRotomy performed twenty five dnys before Mnnn Wllllmnpon operntlon Vneotomy did 
not prevent ulcer fonnntlon 

t Mnnn Wllllnrason operation nnd vagotomy performed elmultnneouslj Vagotomy did not 
prevent formation of ulcer 

Note — Four of the 0 dogs that died without ulcer lived on the average only twenty-one days 
after tlio Mann Williamson operation It Is possible that had the«c animals lived longer, typical 
ulcers might have developed ns occurred In G of the remninlDg S animal' with an average po't 
operative (Jlnnn Williamson) survival time of sixty five dnys 


The ulcers of 4 of the animals t\cre examined microscopically 
Epithchzation of the surfaces of the ulcer was not observed The 
surfaces were necrotic with varying numbers of cells of acute and 
chronic inflammation Fibroblastic and vascular proliferation of the 
base ttas present in all cases in considerable degree but the appearance 
did not differ appreciabh from that found in the previous!} reported 
control series - 

It IS of interest to note that in 1931 Bcaier and Mann* reported 
results on 3 control dogs with Mann- Williamson ulcers 3 dogs vith 
Mann-Williamson ulcers ^\lth sphnchnic none resection and 3 dogs 
■with Manii-Wilhainson ulcers and supradiaphragmatic \agotomics In all 
the t\pical jeiunal ulcers de\ eloped x\ith the exception of 1 m the latter 

1 nca\er, M G ami Mann F C TIk Protiuction ot Peptic Ulcer \ner 
Section of tlic Gastric \er\c \nii Siirp 94 lllfi in'? CDcc 1 
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group They concluded that “Section of nerves to the stomach did 
not prevent the development of ulcer m that portion of the mtestines 
which received the gastric content after measures had been taken to 
dram the duodenal secretion away from that region ’’ 

3 JejuntHs in the Vagotomtzed Annuals — In 7 of the 12 dogs 
jejunitis of var}nng seventy i\as present It was located in the upper 



Fig 6 — Jejunitis in dog after \agotoni> and Mann-Wilhamson operation Note 
edema, hjperemia and cellular infiltration of terminal m11i More normal villi 
near base. X 125 


part of the jejunum, usually confined to the upper 14 mches (35 5 cm ) 
or less The most extensive area of involvement was 18 inches 
(45 7 cm ) Its mmimal mamfestation was a patchy mucosal redden- 
ing, for several inches bejond the anastomosis (see fig 2) Its maxi- 
mum manifestation vas a diffuse reddening and carpet-like thickening 
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and hypertrophy of the mucosa, most severe m the upper portion, 
beginning immediately at the gastrojejunostomy anastomosis and 
gradually tapenng off distally (see fig 3) Analysis of the 7 cases 
reveals that m 2 cases the jejumtis was diffuse and severe for 18 inches 
and 14 inches respectively In 4 cases it was of moderate severity 
In 1 case it was scattered and mild, the intensity of redness being 
less marked than m the other observed cases No correlation wnth 



Fig 7 — Jcjunitis in dog after lagotomi and Mnnn-Wdliamson oponuon The 
mucosa IS about twice tlie normal thickness with terminal mIIi as described in 
figure 6 X 75 

suiNual tune was obsen'ed The 2 se\ere cases were pre:.ent in dogs 
with survivals of one hundred and cightj-two and twentj-four dajs 
after vagotomj The cases of moderate jejumtis occurred m dogs 
with sun'uals of thirty-three, seventeen, fourteen and twel\e dais, 
the average time of sun it al being nineteen da\ s Tlic mild ca^e was 
111 a dog that sunned twente-cight daas: 
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Microscopically, there were marked hypertrophy and edema of the 
vilh, engorgement and proliferation of capillaries and especially m the 
free ends of the vilh There were subacute mflammation with infiltra- 
tion of round cells and a smaller number of polymorphonuclear leuko- 
cytes (figs 4, 5, 6 and 7) 

Of the 6 dogs with jejunal ulcers severe jejunitis was present in 2, 
and It IS worthy of note that both of these cases represented dogs with 
the largest ulcers in the series, one a 3 5 cm diameter ulcer which per- 
forated causing death on the twenty-fourth postoperative day and the 
other a 3 cm ulcer which had penetrated deeply The latter ammal 
survived one hundred and eighty-two days, the only one in which vagot- 
omy was done before the Mann-Wilhamson operation 

Of the 5 remaining cases of jejumtis no ulcer was present in 4 of 
the dogs having moderately severe jejumtis In the case of mild 
jejunitis a superficial ulcer 1 cm in diameter was present 



Fig 8 — Normal stomacli in dog that survived one day after Mann-Williamson 
operation 

As Stated* 7 of our 12 vagotomized dogs that had Mann- Williamson 
ulcers were found to have jejumtis of varjnng seventy Based on our 
experience with over 350 dogs wuth Mann-Wilhamson ulcers used as 
controls and treated with various medicaments, the finding in our 
laborator} of jejumtis in 60 per cent of our vagotomized dogs that 
had Mann-Wilhamson ulcers is definitely significant 

4 Gastnc Dilatation — Gastnc dilatation was present at autopsy m 
9 of the 12 dogs (75 per cent) (figs 8 and 9) It was usually a sac- 
cular dilatation, involving only the fundus and body of the stomach, 
with the antrum contracted and tubehke Table 2 show's the degree 
of dilatation and the correlation wuth postoperative survival time 

Table 2 shows tliat gastnc dilatation was most frequently found in 
animals sun n ing for the shortest time, in that 5 of the 9 cases were 
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m animals that sunnved less than one month However, 1 dog showed 
marked dilatation one hundred and eight) -tw'o days after i agotomy 

Table 2 — Gastric Dilatation 



^ umber 
of 

Dogs 

After a agotomy, Surrlvnl Time 

Degree of Dilatation 

0-30 Days 

30-60 Days 

Over 00 Days 

Marked 

3» 

1 

1 

1 

Moderate 

G 

1 

2 


Mild 

3 

3 



Totals 

9 

5 

3 

1 



(Av 17 da>'!) 

(A^ 41 dajsi 

tlS2 davs) 


* Cnupe of (lenth In 2 cbpce 



SUMMAR\ 


1 w'enty-eight control dogs sunned tlic Mann-\\ ilhaiii-'Oii opera- 
tion an average of seAenl)-onc da\s fwehc dogs on which \agotom\ 
plus t^ie Mann-W'ilhamson operation was perfonned sunned a much 
shorter tunc, i e, fifta-one da\s after the Mann-Wilhamson operation 
and fort) -four da)s after aagotoim Of the controls 100 per cent 
showed ulcer at autopsy, 72 per cent of these died of pcnoration with 
peritonitis Of the aagotoniized animals m 6 of the S tint Ined more 
than one month after the klann-Willnmson operation jejunal ulcers 
dca eloped 
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An inflammatory reaction of varymg seventj' was found in the 
upper part of the jejunum m 7 of 12 dogs on whicli Mann-Wilhamson 
operations and vagotomy were performed There was no correlation 
with survival time. Gastric dilatation was present in 9 of the 12 dogs 
This occurred more frequently m dogs with short survival time, but 
1 animal showed marked gastric dilatation one hundred and eighty-two 
days after vagotomy (The vagotomy v'as done twenty-five days 
before the Mann-Williamson operation ) 

CONCLUSIONS 

The postoperative survival time of dogs on which the Mann- 
Wflliamson operation and also transthoracic vagotomy were performed 
was much shorter than that of the control animals In 6 of 8 dogs 
on which both operations were done and which lived one month ulcer 
developed Gastric dilatation was present m 75 per cent of the vagoto- 
mized dogs, most frequently m those of short survival Jejunitis of 
varymg seventy was present m 60 per cent of the vagotomized dogs 
If such jejumtis should be found to exist m patients after vagotomy, 
it might explain the diarrhea w'hich at times follows this surgical pro- 
cedure 



SECTION OF THE VAGUS NERVES TO THE STOMACH IN 
THE TREATMENT OF BENIGN GASTRIC ULCER 


PAUL V HARPER Jr, MD 

AND 

LESTER R DRAGSTEDT, MD, PhD 
CHICAGO 

T^UJRING the past four years, section of the vagus nerves to the 
stomach as a method of treatment has been earned out at the 
Umversity of Chicago m 250 patients with vanous types of peptic ulcer 
The technics employed have been described elsewhere.^ The clinical 
results following this method of treatment have been so satisfactory 
that it has replaced all other types of surgical treatment for this disease 
on our service One patient in this senes died of pneumonia, making 
a mortality of 0 4 per cent Physiologic tests on 170 patients on whom 
the operation \vas performed by us have revealed that the section of the 
vagus nerves was probably incomplete in 18 cases In this group, 6 
patients have complained of recurrent or persistent symptoms of ulcer, 
and in 2 of these an undamaged vagus fiber \vas found at a second oper- 
ation Division of this nerve was followed by complete relief The 
remaining 164 patients have remained free from all types of ulcer dis- 
tress on an entirely unrestricted diet and without medication The side 
effects of section of the vagus nerves, such as symptoms of delayed gastnc 
emptying and diarrhea, which have been discussed elsewhere, have 
proved to be transitory and, on the whole, inconsequential The oper- 
ation was performed by the transthoraac approach in 61 patients and 
by tlie transabdominal route in 109 patients It •was combined with 
gastroenterostomy in 71 patients, and m 5 patients w’lth acatnaal 
obstruction at the pylorus a subsequent gastroenterostomy was required 
The operation was performed in 147 patients for duodenal ulcer, in 15 
patients wuth gastrojejunal ulcer and in 8 patients with gastnc ulcer 
The present paper is concerned with the latter group 

From the Department of Surgen of the Lni\er':it\ of Oncago 
Tins work Ins been aided b\ a grant from \rr Andrew E \\ igcland 
Read at the fourth annual meeting of the Central Surgical \«ocn1ion Oncago 
Feb 22, 19-17 

1 Dragstedt, L. R and Shafer, P W Rcnun-al of the \'ague Inneia-atioa of 
the Stomach in Gastroduodenal L leer Surgen 17 742 74<i /'Afai) 3045 
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While there is no reason to believe that the pathogenesis of gastnc 
ulcer is m any way different from that of ulcer of the stomach or 
jejunum, the possibility of cancer in the former case makes it an entirely 
different and special surgical problem When the lesion is m the 
pylonc antrum and readily accessible, it is probably best treated by a 
subtotal gastrectomy This operabon can now be performed with a 
negligible mortality A recurrent gastrojejunal ulcer is rare following 
subtotal gastrectomy for gastnc ulcer, although a definite hazard in 
cases of duodenal ulcer If microscopic examinabon reveals that tlie 
lesion IS mahgnant, a local removal has been accomphshed and the diag- 
nosis has been made, the advisability of further radical surgical treatment 
can be considered When, however, the lesion is high on the lesser 
curvature close to the esophagus, a resecbon extensive enough to have 
any meanmg for the treatment of a possible mahgnant growth would 
involve a total gastrectomy This Operabon is much more hazardous 
than partial gastrectomy, and the resulbng digesbve and nutritive defect 
constitutes a definite disadvantage When these facts are taken into 
consideration, together with tlie small percentage of gastnc cancers 
that can be cured by any type of surgical treatment, a total gastrectomy 
IS not jusbfied in the absence of a definite diagnosis of malignant 
gro\vth 

In tlie pabent with a gastnc ulcer and a coexistent active duodenal 
ulcer, the possibility of malignant growth is generally believec^ to be 
extremely small There were 3 cases of this type in our senes, all 
refractory to medical management Following secbon of the vagus 
nerves to the stomach, the ulcers healed as demonstrated by fluoroscopic 
examinabon or gastroscopy Healing took place within two weeks in 
1 case, and within four weeks in the remainmg 2 These ulcers have 
not recurred, and the pabents have remained free of ulcer distress 
without medication or any type of dietary restncbon 

REPORT OF CASES 

Case 1 — A 38 year old police officer complained of intermittent attacks of 
tjpical ulcer distress for the precedmg three years Nme months before admission, 
he -was operated on elsewhere for a perforated duodenal ulcer On his admis- 
sion, roentgen examination revealed ulcer craters in both the pylonc antrum 
and the duodenal bulb (fig 1 A) Transthoracic section of the vagus nerves 
to the stomach v-as performed on May 3, 1947, and after this operation the 
pabent has been free of distress without medicabon or dietary restricboa 
Roentgen examinabon on Mai 31 (fig 1 B) revealed that both ulcers were 
healed. Nine months dfter the lugotomy, an episode of acute gastnc distention 
occurred following the excessive ingestion of food. This was completely relieved 
by three days of gastnc decompression 

Case 2 — A 42 year old male office worker complained of epigastnc distress 
refractory to medical management for the preceding aghteen months Roentgen 
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examinatjon (fig 2 A) revealed two ulcer craters on the lesser cun-ature of the 
stomach, together with deformity of the duodenal bulb with a crater At gastros- 
copy, two sharply punched out gastric ulcers, 1 and 1 S cm. in diameter respectiv el> , 
were visualized Section of the \agus nerves with posterior gastroenterostomj 
was performed on Nov 1, 1946 The epigastric pain was immediatelj relieved 


Fig 1 (case 1) — A, roentgenogram showing large ulcer crater in the antrum 
B, roentgenogram Iwentj -eight dajs after gastric ^agotomy showing disappearance 
of crater in antrum 



1 ig 2 (cn^i 2) — 4 rotntgenognni Miowing two ulcer craters on tiic lesser 
cur\nturc of the stonnch B roentgenogram ten da\ s after gactric \-3goto*n\ c'low - 
mg almost complete healing of the ulcers shown in A 
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The typical distress was reproduced on November 2 and 3 by the installation of 
a solution of hydrochlonc aad into the stomach (the Palmer acid test) On 
November 11 roentgen examination (fig 2B) revealed complete heahng of the 
ulcers, and gastroscopic exammation the following day confirmed this The 
patient has remamed entirely free of symptoms to the present 

Case 3 — A 39 year old man, a streetcar conductor, complamed of mtermittent 
attacks of epigastric distress with occasional melena for the previous ten years 
Roentgen examination revealed pronounced deformity of the duodenal bulb with 
crater and sbffness of the lesser curvature of the stomach with two small craters 
in this area- The gastnc ulcers were visualized at gastroscopic examination. 
Section of the vagus nerves to the stomach with anterior gastroenterostomy was 
performed on Sept 25, 1946, and at this operation, the mtenor of the stomach 
was inspected. The ulcers were readily seen and appeared bemgn. (Jastroscopic 
examinafaon on October 3 revealed that the gastnc ulcers had healed, and roent- 
gen exammation on December 16 showed complete disappearance of the ulcer 
craters The patient has remained free of ulcer symptoms and has a ravenous 
appetite. 

In 3 of the patients in this senes, large chronic gastnc ulcers 
were present high on the lesser curvature of the stomach These 
patients have been repeatedly examined over penods of two to four 
years m the medical department of this hospital with repeated fluoro- 
scopic and gastroscopic studies Dunng this time, the ulcers had proved 
refractoiy to all types of medical management, including roentgen 
therapy to the stomach Subtotal gastrectomy as a method of treatment 
had been refused In all 3 cases, the ulcers healed promptly after sec- 
tion of the vagus nerves, and m 1 instance healing was apparent within 
a three week penod as determmed by roentgen exammation All these 
patients have remained well, 1 for over three years and 1 for over two 
years 

Case 4 — A 46 year old male laborer was first seen m Apnl 1941, at which 
time he gave a history of burmng epigastnc distress relieved by food for the 
previous two years Roentgen examination was reported to reveal an ulcer high 
on the lesser curvature of the stomach Resection of the stomach was advised 
but refused Repeated gastroscopic and fluoroscopic examinations were made. 
On June 25, 1943, an ulcer 1 by 2 by 1 5 cm. was visualized at gastroscopy 
Fluoroscopic examination at this time revealed the ulcer crater shown m figure 
iA On July 7 a transthoracic section of the vagus nerves to the stomach was 
performed. The ulcer distress was promptly and entirely reheved, and the patient 
returned to his usual occupation. Gastroscopic examinations on Oct 22 and 
Dec. 27, 1943, and March 27, June 5, Aug 27, Nov 6, 1944, and May 21, 1944, 
have revealed no recurrence of the previous ulcer This has been confirmed by 
roentgen exarainabon on Feb 11, 1944 (fig 3R) 

Case 5 — A. 43 jear old male laborer has been treated in this chnic for diabetes 
mellitus since 1933 In May 1941 he experienced se\ere abdominal pain, and 
a gastnc ulcer with a small perforation was diagnosed The pabent recovered 
on medical management Later, the ulcer symptoms returned, and in spite of a 
diagnosis of possible malignant growth the patient refused gastnc resection 
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Repeated gastroscopic and roentgen examinations were made, and during this 
time the patient continued to have recurrent attacks of pain with associated 
vomiting On March 1, 1945 a transthoraac section of the \-agus nerves to the 
stomach was performed On April 17 roentgen examination re\ealed no evudence 
of a crater, and this was confirmed on May 11, 1945 and June 9, 1946 Gastro- 



I'lg 3 (case 4) — A, roentgenogram showing a large ulcer crater on the lesser 
curvature of the stomach B, roentgenogram showing complete healing of the ulcer 
shown in A, seven months after gastric vagotoma 



Fir 4 (case 6) — 4, rtKiitRciiORram showing a large ukcr craur Inch on the 
lesser cur\-aturc of the stomach B, rocntcenoRram ‘hnwang healing of i Ice' sf o \-a 
in A, twcnt\-onc da\s afur pastnc \npotonn 
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scopic examination on Maj 18, 1945 revealed what appeared to be a benign 
gastric ulcer, and this had disappeared on reexamination by the gastroscope on 
September 7 This man has remained entirely w ell except for occasional attacks of 
diarrhea 

Case 6 — A 46 year old maclumst has complained of recurnng attacks of 
epigastnc pain relieved by food and alkali since April 1942 A gastnc ulcer was 
demonstrated by roentgen examination at that time, and he has since been followed 
in this clmic with repeated roentgen and gastroscopic studies The ulcer healed and 
recurred three times On Nov 12, 1946 roentgen examination revealed a large 
ulcer high on the lesser curvature of the stomach (fig 4 A) On December 4 a 
subdiaphragmiatic section of the vagus nerves to the stomach was performed 
Roentgen examination twenty-one days later (fig 4 B) revealed complete healing of 
the ulcer This was confirmed by gastroscopy on Jan 28, 1947 and repeated roent- 



Fig 5 (case 7) — A, roentgenogram showing a large ulcer crater on the lesser 
curvature of the stomach B, roentgenogram revealing failure of ulcer in 4 to heal 
two months after gastnc vagotomy (lesion probablj malignant) 

gen examination on January 26 Since this time, the patient has been entirely free 
from ulcer distress and has returned to his usual occupation He complains occa- 
sionally of belching and postprandial distention of the upper part of the abdomen, 

which is completelj relieved bv “urecholme” (carbaminoyl-beta-methylcholuie 

chlonde) 

The 2 remaining patients in this senes also had chronic gastnc 
ulcers high on the lesser curvature of tlie stomach In 1 patient, a 
diagnosis of gastnc ulcer was made elsewhere two years previously, 
but gastrectomy tvas refused The second patient had been treated for 
three months on the medical service of this hospital, and the ulcer had 
proved complete!}' refractory to treatment In these patients, a differ- 
ential diagnosis betv\een benign gastnc ulcer and carcinoma could not 
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be made even with the aid of laboratory studies, roentgen examination 
and gastroscopic obsen^ation Palpation and inspection of the lesion 
at laparotomy were also not decisive Secbon of the vagus nen^es to 
the stomach was earned out in preference to a total gastrectomy This 
was done as a t}'pe of tlierapeutic test Although there was complete 
symptomatic relief m both cases, the ulcers failed to heal, as revealed 
by fluoroscopic examination Total gastrectomy was, therefore, ad%nsed 

Case 7 — ^This 57 year old tram dispatcher had been troubled b> burning 
epigastric distress relieved by food since 1938 In 1942, and again in 1945, a gastric 
ulcer was reported to have been demonstrated b> roentgen examination He vas 
first seen in this clinic on Feb 11, 1946 Roentgen examination on March 4 rc\calcd 
a large ulcer on the lesser curvature of the stomach This was confirmed In 
gastroscopic examination Repeated reexamination with roentgen ra^s and the 
gastroscope during the next four months revealed no ewdcnce of healing of the 
ulcer on strict medical management Roentgen examination on August 14 showed 
a persistent ulcer (fig 5 A) The patient w'as admitted to the hospital for further 
study The gnstnc content aspirated after the administration of histamine sub- 
cutancouslj revealed a low concentration of free acid, and there was no free acid 
in the twelve hour night gastric aspiration The patient had se\cre hj-pcrtcnsive 
cardiovascular disease and had suffered two prcMous cerebral accidents Laparot- 
omy was performed on August 15 A thickening of the gastric wall was palpable 
high on the lesser curvature postcriorlj, and a sharplj demarcated ulcer crater was 
felt in the center of this area The lesion appeared grossly to be benign It was 
decided, in view of the patient’s cardio\ascular disease and obcsit\ and a rather 
unsatisfactory spinal anesthetic, that a total gastrectom^ would be too hazardous 
and accordingly a transabdominal section of the \'agus nencs to the stomach was 
performed The patient was promptly relic\cd of his ulcer distress and experienced 
only moderate syanptoms of gastnc retention The ulcer was no longer Msualized 
at gastroscopic examination on September 6, but on October 7 a superficial ulcera- 
tion could be seen On No\ ember 4 gastroscopic axamination rc\calcd uncqunocal 
malignant ulceration Roentgen examination on September 4 was unsatisfactory, but 
on October 8 (fig SB) the ulcer was well Msuahzed and, although larger and 
shallower, w'as thought to show an appearance of healing The patient was urged 
to haac a total gastrcctonn but died of a cerebral accident at home a few da\s 
subsequently Autopsv was not permitted During the last few days of lus life 
the patient’s ulccr-likc distress returned to a mild degree, although lus insulin 
reaction postopcratia cly remained negative. 

Case 8 — \ 61 a car old macliinist had been bothered for sixtcin a cars b\ 
arague, dull, epigastric pain, aahicli had been much greater dunng the past two 
years The relation of this distress to meals aaas inconstant Roentgen c.xaminntion 
was reported to liaac reacaled an ulcer of the stomach two a cars prcaioush, and 
since this time he had been on a modified medical management without much 
relief Roentgen examination on admission (fig 6/J) showed a large ulcer crater 
on the lesser curaatiire This aaas confirmed ba gastroscopa The Ic'ioa apix-arcd 
to be benign The taaelac hour night gastric aspiration rcacalcd 240 cc. of fluid 
aaith 24 units of free acid \t laparotoim on October 23 the Ic'ion appeared to b- 
bcnign There was a firm palpable mass aaith a central crater high on the lesser 
curaaturc of the stomach aaith adherent oacrlaing omentum \ sulvhap’iracmtie 
section of the aagus neracs aaas performed aaath immediate relief of I'l'iresa 
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Roentgen exammation on November 9 showed decrease in the size of the ulcer, 
as did roentgenograms taken on December 7 (fig 6 B) Roentgen examination on 
Jan 7, 1947 (fig 6 C), however, agam demonstrated the ulcer on the lesser curva- 
ture. The patient was readmitted at this time, and studies of secretion revealed no 
evidence of incomplete vagotomy Total gastrectomy was advised but was refused 
by the patient, and he is still under observation 



! ' ! 
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Fig 6 (case 8) — A, roentgenogram showing an ulcer crater on the lesser curva- 
ture of the stomach B, roentgenogram showing a decrease in the ulcer crater of A, 
SIX weeks after gastnc vagotomy C, roentgenogram showing recurrent and prob- 
ablv malignant ulcer, elev'en weeks after gastnc vagofomv 
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COMMENT 

In this series of patients, all the ulcers that uere unquestionablj 
benign healed promptly after the total section of the \'agus nerres 
Tlie reason for this m cases with coexistent duodenal ulcer is fairl} 
evident, as all of the patients in this category secreted large quantities 
of highly acid gastric juice in the empty stomach This hjqDersecretion 
was eliminated by the vagotomy, and the ulcers healed The patients 
with henign gastric ulcer alone, how'ever, witliout exception displayed 
a low volume of night secretion with low free acidity Although the 
acid secretion in these patients was reduced after the section of the 
vagus nerves, it is difficult to understand how^ such a relatncl) small 
change in the acid secretion at such a low concentration could cause 
prompt healing of a large ulcer in the stomach It is likewise difficult 
to account for the formation of an ulcer in the gastnc mucosa, which 
IS the most resistant tissue in the body to peptic digestion, as a result 
of this low concentration of free acid The possibility can be considered 
that a high acid secretion existed pnor to the formation of the gastric 
ulcer and that following the formation of the ulcer, a resultant or accom- 
panying gastritis reduced the acid secretion There is, howe\er, little 
evidence to support this hypotliesis We have, m fact, 1 patient in 
w'hom a large gastric ulcer developed in spite of a known low acid 
secretion ’for several years Tlie fact that gastnc ulcers heal after 
vagotomy, although there may be only a slight change in the concentra- 
tion of acid in the gastric content, suggests both that other factors than 
peptic digestion alone may play a role in the formation of these ulcers, 
and that vagotomy has some effect on these factors What factors 
exist that are known to be affected by vagotomy and whicli could influ- 
ence the resistance of the gastnc mucosa to peptic digestion ’ Tlie onh 
factor in addition to secretion affected by \agotomy for which wc ln\c 
definite evidence is gastric motility In addition to trauma hjiHirmo- 
tihty might conceivabty cause the rcmo\al of a protcctne coating of 
mucus from the surface of the mucosa, exposing the undcrhing ciuthc- 
hum to the action of peptic digestion This factor might be altered b\ 
vagotomy The possibilit} of other unkmown and unconsidcred lactors 
IS, of course, most likeh The fact remains that after total section of 
the vagus nerves a benign gastric ulcer usualK heals and remains healed 

The treatment of gastric ulcer, however, is determined not =0 nnicli 
by these considerations as b) the fact that at the present tune an iccu- 
ratc differential diagnosis between gastnc ulcer and carcinoma cannot 
be made Perhaps 20 per cent of lenons in the stomach that aj/pcar 
to be benign ulcers on the basis of the clinical picture and roentgen and 
gastroscopic examination prove to he carcinomas when sivdiea In 
histologic methods \n exception to this st-uement must l^ m ‘di 
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for those cases with coexistent actave duodenal ulcers, m which the 
inadence of caranoma is considerably less than 1 per cent Thus the 
presence of an active duodenal ulcer strongly suggests that the assoa- 
ated ulcer in the stomach is benign We are of the opinion that these 
lesions can be treated satisfactorily by gastnc vagotomy 

Should all other chronic ulcerating lesions m the stomach be treated 
by gastrectomy^ The mortality following partial or subtotal gastrec- 
tomy IS now less than 5 per cent When, therefore, the lesion is in the 
antrum or body of the stomach and when a subtotal gastrectomy wll 
suffice to remove it with some margin of umnvolved tissue, it seems 
wise to employ this procedure Histologic examination will then deter- 
mine the diagnosis,' and the question of further treatment can be more 
intelligently considered When, however, the lesion lies high on the 
lesser curvature near the esophagus, a resection to be more than a 
gesture would mean a total gastrectomy with possibly the removal of 
a portion of the lower part of the esophagus A procedure of this 
magnitude carries with it an operative mortality of possibly 10 to 30 
per cent and a definite digestive and nutritive disability in many of those 
that survive It should not be employed unless the diagnosis of malig- 
nant growth IS certain It is in tins group of gastnc lesions m which 
vagotomy may find a field of usefulness If the lesion is benign, section 
of the vagus nerves may bnng about prompt healing in ulcers that have 
proved resistant to intensive medical management On the other hand, 
if healing does not occur within a penod of four to six weeks, the sur- 
geon has additional evidence for the belief that the lesion is malignant and 
can undertake a total gastrectomy with a better conscience 
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T^RAGS TEDT’S ' report ui 19-16 on the section of vagus nerves in 
54 eases of peptic ulcer with faiorable results, similar reports b) 
Crimson,- Ruffin and co-authors ’ concerning 30 eases at Duke Univer- 
sity, and by Moore and his associates^ concerning 12 cases at the 
Massachusetts General Hospital led us to study the problem of resection 
of vagus nerves, or, as we prefer to call the operation, “gastric neurec- 
tomy,” from the anatomic, physiologic and chemical standpoint in 40 

Read at the fourth annual nicctinR of the Central SurRical Accociation Oucapo, 
Feb 22, 1947 

From the Dnicion of Surpen Ma\o Ginic (Dr Walters) and the lifaio 
Foundation 

1 Drapstedt, L R Section of the Vapus \cr\c<; to the Stoinadi in the Treat- 
uicnt of Gastro-Duodcnal Ulcer, Minnc'<ita ^^ed 29 597-(')04 (lunc) 1*>46 

2 In Gnmion’s most recent report (unpubh'^hed) on the results of the opera- 
tion in S7 eases, he dc'icnbcd di'turbanccc in motiliti in 2‘i In 6 ca^cs there was 
sea ere pastric retention aahich necessitated pastrocntcrostoma Tins paac an inci- 
dence of secondara pastrocntcrostoma of 1 amonp each 7 patients who had not had 
a preaious drainapc operation 

3 Gnnison K S Unpublished data Gninson K S Taalor, H M , 
Trent, T C Wilson, D \ and llill H C The nffcct of Transthoracic Vapo - 
oma upon the Functions of the Stomach and upon the Faria Ginical Course of 
Patients aaith Peptic Ulcer, Soutlu M I 39 4fi0-470 (Tine) Wfj RufTn T , 
Gnnison, K S , and Smith, R C The Effect of Tran'thnraac Vapofoma ^pca 
the Oinical Course of P.alicnts aaith Peptic Ulcer Gastrocrterolopy 7 
(Dec) 1946 

4 liloorc, r D , Oiapman, \\ P Schultr D and Ioac‘ C V Tra"'- 
diaphrapmatic Resection of the Vapits Wrae' fo- Peptic Lice- N*r\a E-e’ead T 
Meal 234 241-2‘d (Ech 21) 10-16 
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patients operated on by one of us at the Mayo Qinic up to Jan 15, 1947 
(tables 1 and 2) Only bnef reference will be made to 43 additional 
cases in which operation was performed by other surgeons at the dime, 
for they will individually report on their results in detail later 

HISTORICAL DATA 

Denervation of the stomach in the treatment of pain and peptic ulcer 
IS not a new procedure, and an extensive and confusing literature has 
appeared since Brodie’s ® first report in 1814 Early and late effects 
of denervation of the stomach have been confused, and the results of 


Table 1 — Our Cases to Jan 15, 1947 




Operation Performed for 

Operation, Type 

Total 

Oases 

Qastro- 

Duodenal jejunal Gastric 
Dicer Dicer Dicer 

Gastritis 

Gastric neurectomy only 

14 

10 

2 2 

0 

Gastric neurectomy and gastroenterostomy 

IB 

IB 

0 0 

0 

Gastric neurectomy with excision or resection 

11 

8* 

6 S* 

1 

Total 

40 

S8* 

7 B* 

1 

• One patient had both duodenal and gastric ulcers 




Table 2 — Gastnc Neurectomy 

All Cases to 

Jan 1, 1947 



Operation Periormed lor 
— * — ^ — 


Operation, Type 

Total 

Qastro 

Duodenal jejunal Gastric 
Dicer Dicer Ulcer 

Gastritis 

Gastric neurectomy only 

82 

16 

14 

2 

0 

Gastric neurectomy with gastroenterostomy 

SO 

30 

0 

0 

0 

Gastric neurectomy with excision of ulcer 

18 

6* 

10 

3* 

1 

Total 

SOf 

61 

24 

B* 

1 


• There were both duodenal and gastric ulcers In 1 case , 

t Three additional patients were operated on up to Jan IB, 1947, but were not Included, at 
the request ol the Division of Biometry and Medical Statistics 

section of the gastnc and vagus nerves of man have been compared 
indiscnminately with those of lower animals 

Latarjet ® after division of the gastnc nerves in dogs found tliat 
(1) no grave effects followed, (2) the toniaty of the stomach ^vas 
reduced, dilatation occurred and emptying time of tlie stomach was 
delayed from a normal of two to seven hours and (3) the gastnc aadity 
was decreased, the secretion of mucus was increased and trophic lesions 
did not occur He and Pauchet operated on 6 patients who had gastric 

5 Brodie, B C , cited bj Hartzell ^ 

6 Latarjet, A Note pr^liminaire sur I’lnnervation et I’encnation de I esto- 
mac. Lion med 130 166-167, 1921, Resection des nerfs de I’estomac Technique 
operatoire re'ultats chniques, Bull Acad de mid. Pans 87 681-691, 1922 
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.ulcers, 1 died from caranoma later In commenting on the results of 
the operation on the other 5 Latarjet stated that all had been relieved 
of their symptoms, had gained weight and had an increased appetite. 
In all 5 cases gastroenterostomy was performed at the time of the gastnc 
denervation m the belief that it would prevent recurring ulceration in 
the presence of gastnc stasis, for Greggion was able to produce a high 
incidence of gastric ulceration m rabbits bj denen^ating their stomachs 
and adding to their food with a high fibrous content The stomach of 
the rabbit differs from that of dog or man and, therefore, is a paunch 

In spite of this encouraging early result reported by Latarjet in 1922, 
a search of the subsequent French literature failed to reveal any further 
reports of studies or cases in %\hich denervation of the stomach vas 
employed 

In 1929 Hartzell ' studied the effects of intrathoracic resection of 
the \agus nerves on 8 dogs The immediate results were similar to some 
of those described hv Latarjet, they consisted of a total abolition of 
psychic secretion (cephalic phase), pronounced and constant reduction 
of the quantitv of free hydrochloric acid and of the total acids and an 
increase in the pn of the gastnc secretion 

Vanzant ® studied Hartzell’s dogs and some others two and one-half 
years later She found that free acid was present m all but 1 of Hart- 
zell’s original group The effects of vagotomy on motility of the stomach 
were inconstant In 4 of the dogs which she studied, cmptjmg of the 
stomach was delajed, 2 had hj-permotility with a tendenej to diarrhea 
and emesis, and 3 had no change in gastnc emphung time I..ater results 
levealed the motility of tlie stomach of T of the 10 dogs slie studied to 
be esscntialh nonnal 

ANATOMIC STUDIES 

Our anatomic dissections of the gastric nerves were made on '6 
men, 44 women and 11 children during the course of postmortem 
examinations In ninety-two of the specimens from adults a ratlier 
icgular pattern was followed in forming discrete nerve trunks from the 
esophageal plexus In 8 cases, it was impossible to isolate two distinct 
trunks at any point, since the branches were numerous intercommuni- 
cated and failed to follow a uniform pattern 

These anatomic studies indicated, therefore, that the ga‘:tric nerves 
could be located and succcssfullv resected near the diaphragm hv cither 
a transabdommal or a transthoracic approach in approximatclv 92 j>er 
cent of the cases and that poss’blv most jf iiot all of the hranclies in 
the remaining 8 per cent also could he located in the s-une v’ av 

7 Hartrcll, T R The I'fTcct of Section of tlie \ veu' Nervev ni G’''nc 
Aciditv, \ni I Plivsiol 91 Idl-iri (Dec 1 

8 Vanrant E R Tlie Late Rcstoratn n of Gattr - \r Jc' 'f'er T'"“C" 
Vaeotoinv 111 the Doe GastriHiiterolotr' to’" eit>’iOei’ 
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It IS our belief that the abdominal approach is preferable to the. 
transthoracic one for the following reasons 1 It permits exploration 
of the contents of the abdomen, which may be necessary, as a Meckel 
diverticulum was found in 1 case and no ulcer in another 2 It permits 
examination of the ulcer and its removal if it is a gastric ulcer and is sus- 
pected of being malignant 3 It permits some of drainage operation 
of the stomach if an obstructive duodenal ulcer is present or a duodenal 
ulcer is present that is likely to become obstructive, when gastric atony 
occurs after gastric neurectomy 4 It also is useful in cases in which a 
gastrojejunal ulcer has followed gastroenterostomy, for in many cases 
repeated ulceration of the stoma has resulted in obstruction and reacbi'a- 
tion of the duodenal ulcer In such cases, removal of the gastrojejunal 
ulcer and disconnection of the gastroentenc anastomosis are necessarj' 
in addition to gastnc neurectomy 5 It permits pyloroplasty if obstruction 
of the duodenum has resulted from reactivation of the duodenal ulcer or 
from its healing after gastroenterostomy We have tned to prevent post- 
operative gastric stasis and retention of secretion by anticipating that 
it may occur and compensatmg for it by a drainage operation on the 
stomach at the time of gastnc neurectomy rather than later, and we 
have succeeded rather well in this purpose 

Gastnc neurectomy has been performed without any other assoaated 
operative procedure in only 14 of 40 cases in which the operation has 
been earned out by one of us (W W ) and in only 19 of the 43 cases in 
uhich it was performed by other surgeons at the chnic 

GASTRIC NEURECTOMY OUR SERIES 

WITHOUT OTHER GASTRIC OPERATIONS 

The results m 13 of the 14 cases in which one of us performed the 
operation without other surgical procedures on the stomach have been 
satisfactory as far as measured by relief of pain, by reduction of gastnc 
acidity and in general by reduebon in gastric secretion (tables 1, 3 and 4) 
Ten of these operations were performed for duodenal ulcer, two for 
gastnc ulcer and two for gastrojejunal ulcer One death occurred one 
hour after the pabent had had an uneventful transabdominal gastnc 
neurectomy Coronary insuffiaency was confirmed as the cause of death 
at necropsy In this case the duodenal ulcer ^vas produang intractable 
pain and the senous nsk of the operabon was appreciated by the 
surgeon and the patient In 8 of the 10 cases of duodenal ulcer reduc- 
tions in acidity occurred , m 4 of these achlorhydna developed Eight 
of the patients had insulin tests, six tests revealed a flat or decreas- 
ing cun^e of secrebon of gastnc aad and two a nse in secrebon of 
gastnc acid 

Disturbances of moblity with retenbon occurred in 4 of the cases, 
in 1 of uhich intermittent aspirabons were required from the fourth 
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to the ninth day , m the remaining 3 considerable retention of secretion 
and atony of tlie stomach were demonstrated on roentgenologic 
examination 


3 — Oi(r Casa jrom the Report oj Nov 1, 1946 to Jan 15, 1947 (Included 
in the Total of Forty Cases) 
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foi at lo.isl ciglit Mccks Although this patient was relieved of pam 
after his operation, he complained of discomfort and a feeling of fulness 
m his stomach when he had eaten a small amount of food at mealtime 
At the time of iccxamination at the clinic the stomach was so dilated 
and there was so much secretion that the roentgenologist was unable 
to determine whether the gastric ulcer had healed oi not Unfortunately 
gastroscopic examination was not made, but one will he at the patient’s 
next visit 

WITH OTIIl K GASIRIC OPUKATIONS 

Duodenal Ulcc ) . — In 15 cases in which duodenal ulcers nere present 
gastroenterostomy (table 1) was performed simultaneously with gastric 
neurectomy In 7 of this group relative achlorhydria develoiicd , in 4 
reduction of gastric acidity was marked, and in 1 no reduction occurred 
In 1 of the remaining 3 no preoperative studies of gastric acidity were 
licrformcd, but postoperative studies icvcaled total acidity of 34 and free 
acid of 22 (Topfer’s method) In 2 cases no postojicrativc studies of 
gastric acidity were carried out 

Tioublcsomc disturbances of gastric motility developed in 4 of 
these cases In 1, the retention continued foi twenty-six days, and a 
jcjunojcj unostomy was necessary However, the gastrocntcrostomv in 
this ease was an antenor one 

One patient had such a degree of abdominal distention from the 
fifth to the seventh day after operation that an intestinal obstruction 
was thought likely, and roentgenologic examination indicated that it \vas 
present Abdominal exploration revealed that the entire gastrointestinal 
tract Avas filled w'lth fluid and gas, and SOO cc of sterile straw-colored 
fluid was present in the abdominal cavity. The patient’s gastrointestinal 
motility returned to wuthm normal limits m a few days after continuous 
aspiration of the gastrointestinal secretions by an iiuhvcllmg Wangen- 
steen suction lube 

Another patient Ind retention daily Occasionally a maximum of 
2,000 cc was found I’lic quantity of retained sccietions decreased 
graduall} until the fouitccnth day' after operation Six months later 
the patient reported by letter that he had a recurrence of his symptoms 
of ulcer W’lth vomiting 

Gastnc Ulcer — Three ixiticnts had large gastric ulcers All were 
high on the postenor wall of the stomach and had perforated onto the 
pancreas Partial gastrectomy for removal of the ulcers would have 
necessitated iciiioval of most of the stomach It seemed best, therefore, 
to excise the tilccis and to see what the efTccts of gastric neurectomy 
would be In 1 of these cases a rccurnng gastric ulcer developed with 
scNcre ulcer symptoms, including bleeding and associated anemia In 
the second ease complete relief from pain occurred after operation while 
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an unrestncted diet was being given, but the patient complained of 
frequent belching of foul gas for four months Roentgenologic exami- 
nation gave evidence of a dilated stomach with spasm in the prepylonc 
area and hypomotility of the small intestine There was so much 
secretion at the end of a five hour penod that the roentgenologist could 
not tell whether gastric ulcer had returned or not Gastroscopic exami- 
nation revealed no recurrence of his gastnc ulcer 

Gasirojejuual Ulcer — Five patients were treated for gastrojejunal 
ulcers by gastric neurectomy and additional procedures (table 1) 

In 1 of these cases the ulcer had occurred after partial gastrectomi 
was done elsewhere Its large crater w^as on the trans\erse colon 
It seemed advisable in this case to resect the stomach to remoie the 
ulcer, and to perform a gastric neurectomy rather tlian to do the latter' 
procedure alone because of the uncertainty of whether the ulcer would 
heal and of whether it w'ould produce obstruction at the stoma Achlor- 
hydria developed after operation Unfortunately an insulin test was not 
done in this case No clinical retention was noted and roentgenologic 
examination revealed normal motility There w'as good relief of 
symptoms 

Tw'O qiatients had gastrojejunal ulcers of considerable size with 
deformities of the gastroenteric stoma and deformities of the duodenum 
IS a result of the healing of their duodenal ulcers After the gastro- 
enteric anastomosis was disconnected, the gastrojejunal ulcer was 
removed in each case and pyloroplasty was performed for the relief of 
the duodenal obstruction Aclilorhydria did not dc\elop in either of 
these cases in spite of negative reactions to the insulin tests It will 
be interesting to sec wdiat the future course of these 2 patients will be, 
for experience has shown that there is a 60 per cent recurrence of the 
duodenal ulcer in cases in which the procedure just described has been 
performed without associated gastric neurectomy In 1 of these 2 cases 
gastric retention of secretion occurred from the fourth to the sixth daj 
In 1 of these cases pjlorospasm was noted on roentgenologic exami- 
nation, m the other, a slightly atonic stomach was found 

In the remaining 2 cases the gastrocntenc anastomosis and the 
gastrojejunal ulcers were removed and reconstruction of the stomach 
and jejunum was earned out In 1 of these 2 cases aclilorhjdrn 
dc\ eloped In the other case a total gastnc aciditi of 20 units and 
free ludrochlonc acid of 6 units were observed after operation bj* 
no preoperatne shitJics of gastnc acid were made Insulin tests m 
both cases were negatue in result Neither had disturbances o'’ 
niotihtv 

In the vns(.s of gastrojejun"'! ulcer the immediate rCsul s oC th- 
operation have been sntisfactorv 
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G\STRIC NEURECTOMY OTHER CLINIC SURGEONS’ SI 
WITHOUT OTHER GASTRIC OPERATIONS 

Gastric neurectomy without other surgical procedures has b( 
formed in 19 cases by other surgeons at the clinic In 14 a 
operation was done transthoracically and m 5 transabdominally 

Transthoraac Approach Five patients who had duodena 
and 9 who had gastrojejunal ulcers were operated on transthor 
Eleven had preoperative and postoperative studies of gastnc ac 
5 of the cases of gastrojejunal ulcer and in 1 of duodenal ulcer 
hydna developed In 2 cases of duodenal ulcer and m 1 of gastr( 
ulcer no reduction of acidity occurred Postoperative roentgi 
studies were made m 8 cases In 2 of the cases of gastrojejun 
evidence of jejunitis continued In one case achlorhydna de- 
but no reduction of acid occurred m the other Four patie 
delayed emptying of the stomach In 1 patient it was so prolong! 
months) that anterior gastroenterostomy was performed T1 
will be referred to later ® In another, pain from a duodenal ul< 
night pain which required foods and alkali for relief ha? contin 

Two patients had troublesome diarrhea after operation , one 
had a return of symptoms of ulcer and the other had nausea an(3 
mg in addition One patient died after a conwilsion on his 
postoperative day® 

Transabdominal Approach Two patients who had duodena 
and 3 who had gastrojejunal ulcers underwent transabdominal 
neurectomy Only 1 of these patients had complete relief of syr 
One of the patients who had a duodenal ulcer had symptoms of b 
belching and vomiting four months after operation, and, althc 
had no ulcer pain, a roentgenogram showed a persisting duodena 
One of the patients who had a gastrojejunal ulcer had persisted 
toms of ulcer with disturbances of gastnc motility which r 
aspiration for one month after operation Roentgenologic exan 
revealed ewdence of a poorly functioning gastroentenc stoir 
distortion of the jejunum, and the presence of a gastrojejunj 
could not be ruled out ® 

WITH OTHER GASTRIC OPERATIONS 

In 24 cases additional gastric operations were performed 
taneously, in 19 for duodenal ulcer and in 5 for gastrojejunal ulce 

Duodenal Ulcer — Sixteen of the patients who had duoden? 
had associated gastroenterostomy and 3 had pyloroplasty In 
the group who underwent gastroenterostomy preoperative am 
operatiie studies of gastnc aadity were earned out Nine patiei 

9 This case wll be referred to again in the section on “Recurrence 
or Failure of Ulcer to Heal Both Series ’’ 
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marked reduction of gastric acidit}, and 4 oi these had achlorhjdna. 
Two had no reduction of acidit)'- Tcmporar} moderate disturbances 
of motility ^\crc noted in 5 One of the patients had a perforating 
duodenal ulcer and died on the fourteenth postoperati\ e day 

In all of the 3 cases in which pyloroplast} rsas performed gastnc 
acidity was reduced considerably after operation from a high preopcra- 
tivc level, but m one of these cases clinical evidence of disturbance of 


Table 5 — Tatlurc oj Ulcer to Heal After Gastnc Neurectomy 
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gastnc motiliU was present and m another pain was occurnng at night 
at the tunc of disniiss-il 

Gaslrojcjtnia! blccr — Kc^cvtion of the stmn ich \.as perfonned in 
1 case of bleeding gastrojtiunal ulcer 1 r insthoracic resection of the 
\.agus nencs had been performed elsewhere si\ and onc-lialf month' 
prcMOush, without iKiielit to the ulcer”' nxcisio.i of the gastrojejural 
ulctr and disconnection of the gastroeiitenc a n'tomos’' . c'c pt'- 

10 This ci'f will he nutriv! 'n icnn 1 1 ’1 e «eni a > i Re-’ 1 e- 

or r-iiliirr of I leer to Hcil Roth Ser e 
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formed in 3 cases, in 2 of which pyloroplasty was performed also 
One patient, who died at home three months after operation from 
a coronary occlusion, had a fistulous opening into the colon closed - 

RECURRENCE OF ULCER OR FAILURE OF ULCER TO HEAL 

BOTH SERIES 

One of the patients operated on by one of us (W W ) had a recur- 
ring gastric ulcer (table 5) This patient, a Jew 67 years of age, 
had had a gastrojejunal ulcer which had been removed at a previous 
operation when the gastroenteric stoma was closed Subsequent to the 
operation, achlorhydria developed The insulin test (table 6) gave 
negative results, and disturbances of gastric motility were not pro- 
nounced, although slight retention was noted soon after gastnc neurec- 
tomy Roentgenologic examination on Oct 17, 1946 disclosed a return 
of the gastnc ulcer with an atonic stomach This resulted in spite of a 
careful and well controlled medical regimen which was continued for 


Table 6 — Results of Insulin Test tn a Case of Recurring Gastnc Ulcer 




Time Alter Injection of Insulin, Min 


Fasting 

16 

80 

46 

60 

Sept 18, IflW 

Blood Bugar, mg /lOO cc 

Total acid, units 

103 

89 

es 

48 

46 

28 

12 

12 

10 

10 

Free hydrochloric add, imlts 

Amount of gastric secretion, cc 

10 

0 

0 

0 

0 

30 

10 

16 

3o 

40 

Jan. 7, 1947 

Blood sugar, mg /lOO cc 

Total add, units 

lOo 

US 

72 

47 

36 

26 

8 

10 

10 

0 

Free hydrochloric add, units 

10 

0 

0 

0 

0 

Amount of gastric secretion, cc 

46 

8 

10 

20 

GO 


file and one-half months In January 1947 tlie patient complained of 
pain in the region of tlie left supraspinatus muscle and down his left 
arm This pain was thought to be due to extension of the inflammation 
from the ulcer to the diaphragmatic portion of the peritoneum The 
results of insulin test (table 6) were essentially the same as at the time 
of the previous examination except that the curve was even flatter 
A histamine test resulted in a marked elevation m acids On January 13 
Dr Waugh performed a Hofmeister-Polya resection of the stomach, a 
benign gastnc ulcer with a crater 3 5 cm in diameter was removed 
with the resected portion of the stomach 

Two cases (table 5) in which our colleague. Dr Pnestley, per- 
formed the operations are worthy of mention In 1 of these cases 
(case 11, table 5) transthoracic gastnc neurectomy had been performed 
elsewhere for gastrojejunal ulcer, hemorrhage from the ulcer had 
occurred ten hours after the operation and again several weeks later 
When the anastomosis was taken down and the patient’s stomach was 
resected, an active gastrojejunal ulcer ivith a crater and pronounced 
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jcjiiiiitih ^\as found In the second case (case 10 j Dr 1 ’nestle} tell 
it necessary to perform a drainage operation on the stomach t\\cl\c 
da)s after transthoracic gastric neurectom} liecausc of lailurc of die 
stomach to empt> properlj As much as 500 cc of gastnc secrctiofi 
was removed at one time in this case before tlie second operation \n 
.ictne duodenal ulcer was found at operation and the p\lorus was 
jiatcnt Anterior gastroenterostoim was performed, but retention of 
gastnc secretion m larger amounts began on the twelfth da\ lollowuig 
ojieration and continued for more than thirU da\s Uiiiortumtch it 
was not possible to perform the Hollander insulin test in cither of tlic=c 
cases to determine whether all branches of the \agus ncr\cs were duidcd 

In a recent report by Colp” of 33 cases ol ulcer treated h\ supra- 
diaphragmatic resection of the vagus neiwcs, gastnc resections were 
icquired in 4 from two to seven months later Disturbances in moiiliU 
made resection ncccssar) m 3 and persistent sjmptoms of ulcer m the 
other case Of the 33 patients, he considered onlv 18 as well One 
patient had recurring hemorrhages thirteen months after operation, and 
1 died from hemorrhage into the left adrenal gland fourteen da\s alter 
operation 

In another case of duodenal ulcer m which transahdominal gastric 
neurectomy was performed b\ one of our colleagues, rehci of pain was 
obtained but bloating, bclchmg and aomiting continued for tour months 
after operation and rocptgcnogr.ains indicated a persisting duoden il 
ulcer 

One of the patients who had a transabdominal gastru. iieureetonn 
for a gastrojcjunal ulcer had persistent s\mptoms of ulcer with dis- 
turbances of gastric motility w-hich required as]>iralion lor one month 
after operation Rocntgcnoscopic examination disclosed a iionfunction- 
ing gastroenteric stoma with distortion of the jejunum \ gastro- 
jejunal ulcer could not be ruled out 

Scliifl has told us of 1 of his patients who had duodenal ulcer 
which failed to heal after resection oi the aagus nerves Subsequent 
partial gastrcctoim was inadt necessnrx because of a continuation of 
sMiiptoms of ulcei and luinorrhages 1 ht presence of an ulcer "as 
proved at the tunc of operation 
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operative s3mptoms in this case Postmortem examination revealed an 
unsuspected perforation of the duodenal ulcer and subdiaphragmatic 
abscess In another case, in which gastnc neurectomy, cholecystectomy 
and appendectomy were performed, the patient died after a convulsion 
on the fourtli postoperative day Unfortunately consent for postmortem 
examination could not be obtained Another death from coronary dis- 
ease uas reported to us by the patient's physician m his home locality 
It occurred three months after gastnc neurectomy for gastrojejunocolic 
fistula m vhicli the fistula into the colon was closed at the time of 
operation 

Recently Weeks and his associates,^* working at Bellevue Hospital, 
reported 2 deaths following transthoracic resection of the vagus nerves 
One of these deatlis was due to an unsuspected perforation of the 
duodenal ulcer seven weeks after operation, and the other death occurred 
on the operating table when traction was being placed on the left vagus 
nerve In the former case, resection of the left splanchnic nerve had 
been done at the time of the transthoracic resection of the vagus nerves 
and that of the right splanchnic nerve a week previous to the perforation 
of the ulcer In the second case the death was of a cardiac type, 
but no necropsy was done 

COMMENT AND SUMMARY 

Our studies on gastnc neurectomy indicate that tlie results are 
inconstant, variable and in most cases unpredictable The relief of 
pam obtained may be the result of the release of gastrospasm and a 
reduction m gastnc acidity as a result of the interruption of cephalic 
stimulation The expense of this relief of pam is dilatation of the 
stomach \Mth frequent troublesome retention of gastric secretion and 
in some cases remnants of food Moreover, that relief of pam is not 
the result of healing of the ulcer must be considered, since in 1 of our 
cases unsuspected acute perforation of duodenal ulcer developed A 
similar case has been reported by Weeks and his associates 

In 1 case a gastnc ulcer recurred, in other cases failure of the 
ulcers to heal has been demonstrated pathologically at subsequent 
operations necessitated by a continuation of bleeding or a marked degree 
of gastric retention which interfered with the patient’s nutntional state 

Reduction m gastric acidity, although it has occurred in most cases, 
is inconstant in others, and the disturbances of motility of the stomach 
and small intestine are frequent after operation In some cases these 
disturbances are temporary, and in others are prolonged, persistent 
and troublesome to the patient I n such cases, patients have complained 
of frequent belching of foul-smelhng gas and fulness and bloating after 

13 Weeks C , R^an, B J , and Van Hoj, J M Two Deaths Associated wth 
Supradiaphragmatic Vagotom\, JAMA 132 988-990 (Dec. 21) 1946 
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meals, and a few ha\e complained of nausea and diarrhea \s ha^ lust 
been mentioned, subsequent operations ha^c been necessan. in '-omc 
cases to remove the persistent ulcer or to proMdc drainage 

There have been 3 hospital deaths in the 83 cases Altlmueh 2 of 
these could be dircctl} attributed to cardio\ascular accidents 1 patient 
died of unsuspected perforated duodenal ulcer with a subdiaphragmatic 
abscess Gastroenterostomy had been done at the time ot the gastne 
neurectomy Another patient died from a coronan occlusion at home 
three months after the closure of a gastrojejunal colic fistula 

In CAaluation of the results of the operation it must be pro\ed that 
an ulcer is present and that the gastric nenes ha^c been com])letcU 
sectioned It is our opinion that the best approach in most cases in 
which gastric neurectomy is contemplated is In means ol a trans- 
abdominal incision, for this approach permits exploration of the gastro- 
intestinal tract and such procedures as are ncccssar\ to supplement the 
gastric neurcctoni} Tlie greatest field of usefulness for the operation 
seems to be m the treatment of ulcers after partial gastrcctonn and m 
certain cases of nonobstructnc duodenal ulcers m which the cephalic 
phase of gastric secretion is marked and pain is intractable 

In \icw of the inherent abiht' of the gastrointestinal tracts ot human 
beings, like those of animals to regain through cnmpcnsator\ mecha- 
nisms their function after operalne procedures which disturb the neuro- 
muscular conlinuit), and m \icw of the fact that restoration ot gastric 
acidity and gastric motiliti has occurred within two lears m dogs m 
which gastric ncurcctome has been performed, the possihilit\ oi snch 
a return in human beings must be kept in mind 

For the time being the operation o^ gastric ncuicctonn will ha\c 
to be considered as in the iincstigatnc stage 

Ison- — Since tins pajicr was written 1 patient lias ditd at Iioiiu ciplit n nnths 
after operation from panprcnc of the terminal part of tlie ilciini Tins piiKit is 
the one wlio had alidnminal distention from the fiftli to the "■(,\t-iith <hs after 
pastroentcrostonn and pastric ncnrcctomv at which time ilHlniiun.il exp! ratn a 
was performed hut no ohstniction w is found The pas1riinne<.tnnl i stilus then 
rctunud to normal after coniinuous pa^tric aspiraticn 

\nolhrr jvitient, the one who had retention for twcnt\ '■i\ dass ,nsr an'r-i r 
pastroenterostonn nid pa^inc neurtctinn nid tlun iidcrwt"t jiji r 

now his a pastroiejinial nicer His iicpatiM in- ihn n aciu a i \ i ' T'4“ i 

vhowtal that dl hr mrlu •• of the aaci to tin stomach hid 1 -r rt cclei' 



RESECTION OF THE VAGUS NERVES FOR ULCER 
AN INTERIM EVALUATION 

I Operahve Technic and Hospital Management 
FRANCIS D MOORE, MD 

Assist-ant Professor of Surgery, Harvard Medical School, Assistant Surgeon, 
Massachusetts General Hospital 
BOSTON 

R esection of the vagus nerves for ulcer, like any other application 
of autonomic surgery, may be considered to embody tliree rathei 
distinct areas for study and development The first of these concerns 
tlie technical procedure itself, its extent, its intnnsic surgical com- 
plications and the immediate hospital morbidity and mortality The 
second area embodies the physiologic response of the patient No 
autonomic nerve can be interrupted, be it the presacral plexus, the lumbar 
sympathetic, the splanchnic nerve, or the vagus, without producing 
physiologic changes, an understanding of which is absolutely essential to 
intelligent clinical application of the procedure The third area in this 
field involves close examination of the clinical end results Clinical results 
may be extremelv variable in their degree of dependence on the first two 
factors 

In this paper it is my wish to outline the techmcal procedures which 
my colleagues and I have employed in vagus resection for ulcer as well 
as the hospital management of patients We previously described the 
physiologic effects of the operation ^ 

The clinical results in the patients operated on to date will be descnbed 
in the subsequent paper " The study of resection of the vagus nen'cs 
at the Massachusetts General Hospital comprises at the present time a 
group of 84 patients who have had this operation performed There are 4 
patients in this group who have had resection of the vagus nerves for 
diseases other than peptic ulcer Six patients have been operated on too 

Read at the fourth annual meeting of the Central Surgical Association, 
Chicago, Feb 22, 1947 

1 Moore, F D , Chapman, W P , Schulz, M D , and Jones, C M (o) Trans- 
diaphragmatic Resection of the Vagus Nerves for Peptic Ulcer, New England J 
Med 234 241-251 (Feb 21) 1946, (6) Resection of the Vagus Nerves in Peptic 
Ulcer Phjsiologic Effects and Qinical Results, with a Report of Two Years' 
Experience, JAMA 133 741-748 (March 15) 1947 

2 Moore, F D Vagus Resection for Ulcer An Interim Evaluation, II 
Clinical Results, Ann Surg , to be published 
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recently to be of ^aIue in am consideration of clinical effects The 
remaining 74 patients \\ill form the subject of this discussion 

I SURGICAL TECIIMC 

1 Essential Conditions — llic operatne tcchmc used in tins ‘=tud\ 
lias l>ccn developed to include the following essential leaturcs 

(a) A tborougb dissection should be done with adequate exposure 
under satisfactory conditions of lighting and aiailabihu of the field 
J hesc conditions are bpst satisfied by a thoracic approach 

{b) The only waj that wc know of dcfinitch establishing the 
fact that all of the fibers of the trunks of both \agus nenes haie been 
sectioned is to follow the ncr\cs downward to their point of dccuss'iuon 
on the stomach wall 

{c) 'Ihc gastrointestinal tract is allowed to retain its iitirnnl con- 
tiiiuit), providing that previous surgical treatment has not been gmn 
I\o gastrociitcrostoni) is carried out at the time of resection of the aagii*^ 
ncr\cs or afterward unless clinical necessity demands it — a ranU in 
our experience Ihc importance of this seems self c\idcnt Placnit: 
jijunal mucous membrane in the stomach has been a source of difficult! 
since the introduction of posterior gastrocntcrostoim as a treatment for 
uk(.r many years ago Jejunal mucosa is much more ^ulnc^ablc to 
gastric secretion than duodenal In addition, posterior gastrocntcrostoim 
alone will confer satisfactory results on the healing of ulcers m a certain 
friction of cases If one concedes that resection of the aagus ncr\cs 
also a useful operation, it is then clear that the performance oi a posterior 
gaslrojcjuiiostoin) with resection of the a ague ncncs will confiisi ilu 
inti rpn lation of the clinical results •“ 

(d) Steps to prcNcnt regeneration should be t iken Hus is accom- 
plished In resection of a jxirlion of the ner\es and enclosure of t’u 
jnoMinal ends in some sort of an impenneablc sheath 
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the characteristics of bleeding ulcers, especiall)’- painless bleeding ulcers, 
to heal rapidly once the bleeding has ceased Two experiences which 
we have had mth patients who have bled massively from the gastro- 
intestinal tract within a week of vagus resection have led us to believe 
that in patients who have been bleeding recently, resection of the vagus 
nen'^es should be emplo 3 ^ed after the ulcer has been given a penod of 
medical management 

In the case of painful, intractable ulcer witliout obstruction most 
charactenstic of this group, attention is directed to the patient’s general 
status relative to anemia, l^poproteinemia, malnutntion, renal stones, 
alkalosis or chronic disease of the lungs In most cases an overnight 
secretion test by multiple sampling followed by an insuhn test is earned 
out to provide a base line for future study We have not found these 
tests to be of value m the selection of patients or in the prediction of 
results , they are omitted if the patient’s clinical condition (i e , severe 
pain on fasting) contraindicates them 

Either just before or just after the induction of anesthesia, a Levin 
tube IS inserted into the stomach This is useful in the mobilization of 
the esophagus and is also used postoperatively 

3 Anesthesia and Operative Technic — ^Anesthesia by intratracheal 
admimstration of gas-oxygen-ether has been used in all the patients who 
have had this operation It produces conditions satisfactory for tlie 
surgeon and has been follow'ed by a remarkably low incidence of pul- 
monary complications 

The chest is opened through the bed of the eighth, ninth or tenth 
rib, depending on the conformation of the patient It is helpful to 
consult a roentgenogram of the patient’s chest and to select the nb which 
in midaxilla is opposite the dome of the diaphragm 

After the chest has been opened, the mediastinum is entered by 
severing the inferior pulmonary hgament Care should be taken to 
presence the mediastinal reflection of the panetal pleura, as it greatly 
faahtates closing the mediastinum In our early cases the esophagus ivas 
freed throughout its entire arcumference and placed on traction during 
dissection of the nen^es We have since found that this is unnecessary 
and that a much more faale dissection can be earned out if the esophagus 
IS allowed to drop back into the mediastinum as soon as the nerve trunks 
are picked up In this fashion it is necessary to interrupt less of the 
esophageal blood supply 

There is considerable vanabilitj' m the anatomic arrangement of the 
major branches of the vagus nerves In the minor details of branching 
and arbonzation there is even greater \^riability The important single 
anatomic fact remains that there are tn^o vagus nerves running down 
along the esophagus to the stomach in the vast majonty of patients 
Wlien the diaphragm is opened in a large series of cases, the truth of this 
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ivv-irtion bcconu'' mere I'-tiiulv cNidont One fnuls tint titcrc arc two 
arbonritioii'. ni the xaens nerves on tlu stonneh wall, not iiKtrc than 
two and not kss ihni two Mkwc this area (in and imnicdialclv aliovc 
tlic dnphraqtn) there art \ amide arlioiirations and anastomotic brandies 
rnnnini: lidwtcn the two nencs. hut tlu const inev of decussation on the 
stomach wall in itsih jirovulcs adequate justifuation foi dissectnif; the 
nerves down to ihcir jxainl of ekeuscation It is hv this maneuver onl) 
that one can he assuied ed s^^nonm^^ all the neive lihers 

Two recent studies have clanrud some of the matonne prohlcms 
nnedvcel thouuh the uithors have eonu to epiite ehiTcrent cenichistons 



Dniirainni ilic sketcli of operative, teiclinic cniploveel in thoracic vagus resection 
No effort IS maelc to portrav in detail the varialile aiiastoinolic branches of the vagus 
nerves above the diaphragm (a) The chest having been opened through the bed 
of the ninth rib, the mcdiasiinuni is openeel, ind the two nerves idenUfied (h) and 
(c) The two nerves arc sutured together at two points 2 cm apart (d) Tiie 
nerves arc severed below the distal suture (r) The proximal end of a silk c> Under 
IS sutured to the proximal suture on the nerve trunks (/) the silk cylinder is 
divided and ligated distal to the cut ends of the enclosed nerves {g) The silk 
cv Under is sutured on or into tUc pleura so that there is no tension in the nerves 
The diaphragm is opened (this step can be dispensed with if a slack hiatus permits 
deliverj of tlic upper part of the stomach into the chest) The nerves are dissected 
dovnward to the point where thej broaden out and divide into multiple fibers for 
decussation into the subscrous lajcrs of the stomach They are divided at that 
point, diaphragm, mediastinum and chest arc closed with interrupted silk sutures 
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from their dissections Walters and his group studied 100 adult 
subjects and found that 64 had well formed, common vagus trunks, 7 
had extensive plexuses, but these nerves joined as well defined trunks 
before decussating on the stomach, 21 had long discrete trunks, charac- 
tenzed by few mtercommunications, and the remaimng 8 had atypical 
branches which left the tnmks in the thorax Despite the authors’ 
conclusion that 10 per cent of the dissechons disclosed patterns which 
were “not uniform” m the thorax, they concluded that the subdiaphrag- 
matic approach is satisfactorj'' Miller and Davis ® dissected 13 cadavers, 
found essentially the same conditions, and concluded that a supradia- 
phragmatic operation is preferable This conclusion would seem well 
warranted by the findings of atypical branches in about 10 per cent of 
the cases in the thorax 

This anatomic point is emphasized because no amount of dissection in 
the mediastinum can replace the downward tracing of the nerve trunks 
to their major arborization on the stomach wall as a means of positively 
identifying and removmg the total nerve mass Likewise, no subdia- 
phragmatic dissection will reveal the atypical mediastinal branches 
which occur in 8 to 10 per cent of cases, as descnbed by Walters and 
his co-workers ■* Though one may find variable mediastinal branches, 
downward dissection shows that these branches arrange themselves inro 
two trunks prior to decussation in the gastric subserous layers For this 
reason the diaphragm has been opened in the majority of cases, in 
occasional patients the diaphragmatic hiatus is suffiaently patent so that 
the gastnc decussation can be identified without inasing the diaphragm 

The two nerves are sectioned about 3 inches (7 6 cm ) above the 
diaphragm and enclosed in a silk cjdinder, as shown in the figure They 
are dissected downu'ard to their point of arborization on the stomach 
wall, where they are again sectioned at the point -where the nerve spreads 
out to dmde into filaments in the seromusyular coat 

The circumference of the esophagus is checked for small fibers which 
plunge into the muscular Avails and which may be divided at this point 

2b Bradley, W F , Small, J T , Wilson, J W , and Walters, W Anatomic 
Considerabons of Gastnc Neurectomy, JAMA 133 459-461 (Feb 15) 1947 

3 Miller, E M , and Daws, C B , Jr An Anatomic Study of the Vagus 
Nerves, J A M A 133 461-462 (Feb 15) 1947 

4 We have not routinely employed any of the a-vailable cholmgenc drugs 
(Machella, T E , Hodges, H R , and Lorber, S N The Restoration of Gastnc 
Mobhty b> Urethane of B-Methyl Choline After Section of the Vaggis Nenes 
for Peptic Ulcer, Gastroenterology 8 36-51 [Jan ] 1947) in the postoperative 
penod Their routine use might lo-wer postoperative difficulties Such drugs might 
also produce enough aad and motor reaction so as to delay both healing and the 
postoperative local “takc-OAer” of the denenated stomach Avhich, at the fourtli 
to sixth month, is usualh correlated with the disappearance of side-effects 
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1 heir iiii])orlancc is clifiiciill to as'css, bill it has heen out practice to 
“clean” the esophagus through the area of dissection 

The diaphragm is then closed, IcaMiig a hiatus that is sung but not 
tight , the mediastinal pleura is partialh closed, and the chest is closed 
in h\crs without drainage It has been our practice to aspirate the 
small quantit\ of occluded air from the chest with a catheter as the chest 
IS clnccd We have not U'cd drainage m these eases and ha\c had to 
lesort to thoracciitosis in mil) 3 casts 

\ppro\imatcl\ S5 jx;r cent of the patients m tins senes ha\c been 
oiKratcti on In this mtthod One patient had an abdominal aagotomv 
with sumiltancous posterior pastrotiitcrostonn , 1 patient with p\loric 
obstruction had a prehiiiiiiarv posterior gastrociiterostoiin followed at 
a second stage b) thoracic resection of the \agus ncr\cs, both patients 
htiiig treated in this fashion for jnirposes of special slud\ V few patients 
ha\c had a supradiaphragmatic resection with no cfTort made to trace 
the ncncs downward to their point of decussation 

II 1‘osTori u\a ivi manaoimint 

J he postoiieratne handling of these patients m i) be dnided into three 
categories the managciiienl of the chest, of the stomach and of the 
patients o\cr-all clinical and nutritional eoiidition 

The prceention of pulmonar) complications nnoKcs earh amimlation, 
the use of blow Iwttlcs, encouraging the patient to cough and take deep 
breaths and moving the patient freclv m the bed A firm, but not light, 
thoracic binder gives the patient some sense of support and mai help 
him in coughing and deep breathing If the temperature is not returning 
to normal b) the third da), a roentgenogram is taken, and if any sig- 
nificant amount of collapse persists bronchoscop) ma) be performed 

file posloperatii e management of the stomach is, of course, of the 
greatest importance It is our impression that the carl) postoperative 
course of these patients, and possibly the late postoperative course, arc 
more profoundly afTcctcd by the details of postoperative iiianagciiicnt of 
the stomach than b) aii) other single factor The dietary regimen 
should be essentially similar to that following a subtotal gastrectomy 
The patient should be given only small amounts of fluid (less than 1 
ounce [30 0 cc ] an hour) for three to four days The diet should then 
be started up cautiously, the stomach should be aspirated dail), and tlie 
diet should be “set back” if significant residue forms Small amounts of 
solid food are far preferable to liquids 

It has been our practice to leave the Levine tube m place on 
suction for forty-eight hours in most cases In occasional patients who 
ha\e symptoms referable to the respiratory tract or a sensitive naso- 
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pharyngeal mucosa we have removed it earlier than this In 1 patient 
with advanced bronchiectasis, in whom the tube was removed early in 
the hope of improving bronchial evacuation by cough, acute dilatation 
of the stomach occurred and doubtless would have been prevented had 
the tube been left m longer This was the only frank acute dilatation of 
the stomach that we have had 

The patient should never be discliarged from the hospital prior to 
the tw'^elfth day In several instances in which patients were discharged 
prior to the twelfth day they returned with troublesome symptoms 
which doubtless could have been prevented by longer hospitalization and 
more gradual dietary increase 

If the patient is kept m the hospital from twelve to fourteen days 
he becomes more familiar with his dietary limitations and has a 
smoother postoperative course It should be emphasized that diarrhea 
in these patients is definitely associated with gastric distention and that 
the prevention of the latter is an important feature in controlhng 
diarrhea It, therefore, becomes evident that controlhng the diarrhea 
IS, in part, a problem m control of the patient’s diet 

At the time the patient is discharged, he is given a sheet of instruc- 
tions which include directions which he should follow m c&se of difficulty 
with diarrhea or fulness The use of hot strong tea three times a day 
with or without the addition of camphorated tincture of opium is a 
useful adjunct in the treatment of diarrhea It has been much more 
effective than some of the more complicated pharmacologic preparations 
If the patient has “bouts” of fulness — ^wlnch may often be accompanied 
by diarrhea — he is advised to stop eating completely for twelve hours and 
then to start eating small amounts of solid food It has been a 
common experience in these patients that sohd foods are tolerated 
better than liquid food This seems at first glance to be a contradiction 
On the other hand, one is not dealing with cicatrical pylonc stenosis 
in most of these cases, and when the pylorus opens it opens to a satis- 
factorj'- extent The difficulty is simply that the peristaltic action of the 
stomach is ineffectual m propelling the matenal through the pylonis 
It IS apparently the case that gastric penstalsis handles a bolus of 
sohd food better than liquid after resection of the vagus nerves Patients 
have stated repeatedly that small amounts of sohd feeding are better 
tolerated by them than liquids Liquids give them the "full” feeling, 
while solids do not This fact may account for the peculiar contradiction 
often noticed that patients are nutritionally well and not complaining 
of s}Tnptoms despite large amounts of barium residual on a test meal 
The use of sohd foods after the fourth postoperative day has been 
found helpful in the early postoperative period, possibly for these same 
reasons ^ 



MOOKI —RKSLClIOy 01 I IGUS \LR1LS 1 OR I'LCLR 171 


in HOSl’ITAL M0KBID1T\ AND MORTAI n\ 

riic hospital morbidit} from this operation may be considered as 
falling into t\\ o categories ( 1 ) prolonged hospitaliration due to difficulty 
in gastric empt) ing or other factors related to the gastrointestinal tract 
and (2) those postoperatue complications including atelectasis, fluid, 
or other disorders of the chest directly attributable to the opciation 
In general, the importance of both these complications togethei may 
be iiidged b\ the length of the hospital sta\ If complications pertaining 
cither to the chest or to the stom.ach occurred which did not prolong 
the patient’s sta\ bc\ond fourteen dajs, they cannot be adjudged a 
major difficult! If, on the other hand, the patient s stay in the hospital 
was iinduK prolonged due to factors arising from cither cause such 
factors must then be considered to be a major complication 

In the 74 cases under consideration, 11 patients had to sta\ m the 
hospital longer than fourteen da\s Onlv 3 ol these patients remained 
in the hospital twenty dais or longer, and the longest stay was twenty- 
nine days One patient, onginalK discharged from the hospital on the 
twelfth dai, had to be readmitted within a week because of disorders 
of cmptiing which passed off with further hospital supenasion 

Examination of the records of the patients who remained m the 
hospital more than fourteen dais indicates that approximately two 
thirds of them w ere slow m being discharged because of time required to 
get them stabilized on a satisfactorj diet Onli a few remained because 
of difficulties attributable to the chest fhcrc is 1 patient in whom 
multiple chest taps had to be earned out because of collection of sero- 
sanguincous fluid the origin of which ivas undoubtedly traceable to poor 
hemostasis at operation One patient had a jihlcbothrombosis requiring 
ligation of a \un A bleeding episode fourteen dajs after operation 
(discussed in a later paragraph) necessitated a hospital stai longer than 
usual to be sure that the ulcer ii as healing satisfactorily before discharge 
One patient remained in the hospital tiventj -one days with vomiting, and 
the situation ivas complicated by the repair of a hiatus hernia, yet 
roentgen studies did not shoiv inordinate obstruction of the pylorus 
The inadence of pulmonarj' complications of a major sort has been 
low The best single index of the presence of such complications may be 
found in the postoperative elevation of temperature In this group of 74 
patients there were 7 ivho had elevations of temperature to 103 F or 
higher dunng the first few postoperative days In all instances these 
elevations were due to atelectasis with attendant pneumonitis , none 
of the patients had wound sepsis or empyema Three patients were 
subjected to bronchoscopy because of the presence of bronchial mucus 
of a tenacious sort which the patients were unable to expectorate When- 
ever it was used, bronchoscopy was effective m controlling these 
symptoms In the past year virtually all the patients have received 
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proph} lactic treatment \vith penicillin postoperatively, discontinued on 
the fourth or fiftli day if the temperature remained normal or if the 
temperature had returned to normal by that time It is conceivable that 
this use of peniciUm tends to mask some of the pulmonary complications 
which otherwise might produce a febnle course In no patient has an 
intrathoracic complication of any lasting significance developed Three 
cases of pneumothorax requinng repeated taps for two or three days 
have occurred, presumably due to a small alveolar leak where adherent 
lung has been freed 

If care is taken in dietary management, the prolongation of hospital- 
ization due to poor emptying of the stomach need constitute only a minor 
problem As a cause for excessive hospitalization, it has been unimpor- 
tant in this senes (7 cases out of 74) One patient, mentioned earlier, 
had a true acute dilatation of the stomach with falling chlonde level 
and nsmg levels of nonprotem nitrogen Treatment by resumption of 
gastnc suction sufficed to reestablish satisfactory emptying In another 
case, considered a borderline case of pyloric obstruction, the patient was 
advised preoperatively of the possible necessity for a second stage to 
the procedure, was not able to establish a satisfactory diet and had a 
postenor gastroenterostomy earned out before discharge Other patients 
With partial obstruction have been treated by subtotal gastrectomy 
rather than by resection of the vagus nerves, and until more adequate 
follow-up IS available on the patients with gastrojejunal stomas treated 
by resection of the vagus nerves that will be the future policy 

Postoperative bleeding presumably of ulcer ongin has occurred within 
two weeks of operation in 2 patients who were operated on because of 
previous hemorrhcige, quiescent at the time of operation The cause of 
bleeding in the early postoperative period following resection of the vagus 
nerves in patients with bleeding ulcers may stem from various sources 
It is conceivable that the relaxed smooth muscle of the intestinal 
wall which ensues after this operation permits an increased blood supply 
which might well reflect itself in bleeding It is also to be emphasized 
that the healing of an ulcer after resection of the vagus nerves takes a 
definite period of time and that if a r^essel should happen to be transiently 
opened during this penod of healing, bleeding might ensue, as it might 
In the healing of any other open wound The hospital mortality m 
resection of the vagus nerves for ulcer has been, in our experience to 
date, zero Among the early cases a patient who was suffering from 
diffuse gastnc atrophy, rather than ulcer, was operated on and suc- 
cumbed This case has been mentioned in a previous publication One 
patient died about nine months postoperatively of a cerebral vascular 
accident Necropsy showed the ulcer to be satisfactorily healed Tins 
case has Iikemse been previously reported and discussed m some detail 
and does not constitute a postoperative hospital mortality 
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fulness as have the senes of patients with duodenal ulcer This again 
has dissuaded us from performing many gastroenterostomies As a 
treatment for frank obstruction it is effective, as a means of avoiding 
gastrointestinal side effects it is ineffective 

V SUMMARY 

The operative technic, postoperative management and hospital mor- 
bidity and mortality in a series of 74 patients with ulcer treated by 
resection of the vagus nen^es have been reported The thoracic approach 
has been used in 97 per cent of the cases 

Gastroenterostomy has been necessary postoperatively to rebeve 
symptoms of obstruction in 2 cases — 3 per cent of the senes In 2 
other cases with frank cicatriaal obstruction, pnmary gastroenterostomy 
was performed either before or with the resection of the vagus nerves 
It is hoped by the infrequency of gastroenterostomy to maintain this 
climcal expenence in a state which will permit us, some years hence, 
to draw definitive conclusions about the value of resection of the vagus 
nerves These conclusions ivill be difficult to draw if the operation is 
confused by the routine performance of postenor gastroenterostomy 
or other local procedures on the stomach which, in themselves, affect 
the natural course of peptic ulceration 
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duodenal Ulcer, Surgerj 17 742-74'>, 1945 Dragstedt, L R Vagotomj for 
Gastroduodenal Ulcer, Ann Surg 122 973-9S9, 1945 Thornton, T P , Jr Storcr 
1. H , and Dragstedt, L R Supradiaphragmatic Section of the Vagus Nerves 
PfTect on Gastric Secretion and MotiItt> in Patients with Peptic Ulcer, J \ M \ 
130 7M-771 (March 23) 1946 

2 (a) Gnmson, K S , Tavlor, H M , Trent, J C , Wilson, D A, and 
Hill H C The Pffc-ct of Transthoracic Vagotomj upon the Functions of the 
Stomach and upon the Parlj Clinical Course of Patients with Peptic Ulcer, South 
M 1 39 460-472, 1946 (6) RufTin, J M , Gnmson, K, S , and Smith, R C 

1 lie Effect of Transthoracic Vagotomj upon the Clinical Course of Patients with 
Peptic Ulcer, Gastroenlerologj 7 599-606, 1946 (c) Smith, R C , Ruffin J M 

and Bajlm, G J The Effect of Pransthoracic Vagus Resection upon Patients 
with Peptic Ulcer, South M J 40 1-10, 1947 (d) Gnmson, K S , Baj’lin, 
G J , Tajlor, H M , Hesser, F H, and Bundles, R W Transthoracic Vagot- 
omv The Effects m Fiftj -Seven Patients with Peptic Ulcer and the Clinical 
Limitations, JAMA 134 925-932 (Julj 12) 1947 
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individuals of the group, and the subject for this symposium will be 
only a bnef clinical summary No attempt will be made to review 
the literature or the recent excellent studies by Moore and his asso- 
ciates,® Machella, Hodges and Lorber,* and others 

Fifty-seven patients with refractory or frequently recur nng peptic 
ulcer were treated by transthoracic vagotomy or transthoracic vagotomy 
and gastroenterostomy from July 1944 through September 1946 The 
transthoracic approach has been employed to minimize the chance of 
incomplete operation or of regeneration The result m each pahent 
has been determined by questionnaires, office visits and, with one excep- 
tion, reexamination in the hospital There was 1 death seventeen days 
after combined vagotomy and gastroenterostomy due to rupture of the 
stomach after an acute gastric dilatation and later a terminal massive 
hemorrhage from a duodenal ulcer 

Twenty-one of the remaining 56 patients are completely satisfied 
with the results of operation, 27 almost completely satisfied, 7 only 
partially satisfied and 1 dissatisfied because of an exacerbation of a 
preexisting gastrointestinal disturbance with vomiting and diarrhea “ 
The major causes of complete or almost complete satisfaction have 
been relief from pain, vomiting or hemorrhage and ability to eat a 
less restncted diet .Fifty patients have gained weight, with 21 'regain- 
ing a weight equivalent to their greatest weight at any time before 
vagotomy Nevertheless, serious difficulties have occurred in a few 
patients and moderately troublesome symptoms have developed in 
others 

The greatest difficulty has been occurrence of obstruction at the 
outlet of the stomach with retention of gastric content and dilatation 
Obstruction may be caused by scar tissue but more frequently may be 
a result of abnormal function of the outlet of the stomach after removal 
of vagal control Distention, accumulation of fluid and gas and loss 
of normal penstaltic pattern after vagotomy frequently make stomachs 
appear “atomc” during fluoroscopy Intragastnc pressures, however, 
as judged by balloon studies made after a twelve hour fast, have been 
increased by a few centimeters of water both immediately after vagotomy 
and one to two and one-half years later Obstruction and retention 
have necessitated secondary gastroenterostomy in 5 patients, eleven to 
one hundred and five days after transthoracic vagotomy Two others 

3 Aloore F D , Giapman, W P , Schulz At D , and Tones C M Traiis- 
diaphragmatic Resection of the Vagus Nerves for Peptic Ulcer, New England 
T Aled 234 241-251, 1946 Resection of the Vagus Nerves m Peptic Ulcer 
Phvsiologic Effects and Qinical Results, J 4 Iil A 133 741-749 (March 15) 
1947 

4 Machella T E , Hodges. H H , and Lorber, S H The Restoration of 
Gastric Alotiliti by Urethane of B-Methyl Choline A.fter Section of the Vagus 
Nerves for Peptic Ulcer, Gastroenterology 8 36-51 1947 

4a This patient died two vears after lagotoniv 
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nrc now ln\ing •^cnou'' ‘•n inplonis from gastric ictcnlion but arc licuig 
Heated with partial success In parasMupatbiconinnctic drugs 

Since Dragstedt lias now adopted suiKliapliraginatic vagotonn and 
iicHiuentK combines it with gastroentcrostoiin and others arc loutinclv 
combining aagotoni) with subtotal gastric resection or gaslrocnter- 
ostonn, and smcc the iclatnc merits of the combinations arc discussed 
111 the sMuposium tins rcjKirt will describe separatch results m 36 
patients treated In transthoracic xagotonn alone and m 20 patients 
with \agotom\ and subtotal resection or gastrocnterostoiin 

TK\NSTHORAClC \ \OOTOMa W ITIIOI T GASTKOr NTI ROSTOM\ 

TlnrU-two of the 36 patients with \agotoiny alone bad duodenal 
ulcer and A gastric ulcer Xiiie of the 32 patients arc completely satis- 
fied with results of operation 22 alnutst completeU satisfied and 5 only 
jiarlialK snti^dcd Coni]ibcations mtl causes of jxartial s.itisfaetion 
\ancd 

Vomiting occurred oecasionalh during the first several montlis 
ifter vagotonn but did not persist \ single episode of licmatcmcsis 
occurred m 2 patients seventeen and thirty-seven (lavs after operation 
With the jiossihlc excejition of 1 jutient who stated that he had had 
tarn stools there has hecii no further recurrence of bleeding Mild 
pain similar to that formerlv produeed In ulcer occurred for several 
months m 1 patiait and for twentv months but onlj after bouts of 
drinking in another Episodes of inoelcratclv sevch'c pain recurred m 
i third jntient two months after operation and continued intermittently 
for twelve months, at which tune an ulcer cr.itcr was demonstrated m 
the duodenum Lmexplamed serious episodes of cohekv abdominal 
pain ocairrcd m this patient and m 2 others 

Twentv -eight of the 36 jiatients described a sensation of fulness 
alter eating during the first three months after vagotomy, and this 
persisted m 11 Eiglitccn patients experienced foul eructations during 
tlic first three months These were usually desenbed as having a 
sulfurous odor as that of rotten eggs Foul eructations have persisted 
m 10 Moderate swelling or distention of the abdomen was described 
during the first three months bv 20 patients, and this persisted m 9 
^^odcrateIy severe colicky abdominal pain described as “gas pains” 
occurred (lunng the first three months m 7 patients and persisted m 5 
Mild or occasional “lower liowcl cramps” occurred in 16 patients and 
persisted in 8 

Before vagotomy there was a tendency toward constipation in most 
patients, and afterward cither a normal bowel habit or a tendency 
toward soft and frequent stools Of the 36 patients without gastro- 
enterostom}, 20 had normal bowel habits after vagotomy, 4 moderate 
constipation 11 a continuous or periodic looseness of stools and 1 a 
cenous diarrhea 
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TRANSTHORACIC VAGOTOMY WITH GASTROCNTEROSTOMY 

Of the 21 patients who had gastroenterostomy before, at the time 
ot, or after vagotomy, 6 had marginal ulcers occur nng after subtotal 
gastric resection, 3 marginal ulcers after gastroenterostoni} , 2 gastro- 
enterostomy just before vagotomy, 5 gastroenterostomy at the time of 
vagotomy and 5 gastroenterostomy after vagotomy Since there was 
1 operative mortality in this group, the number of patients followed 
IS 20 Gastroenterostomies performed at the time of or after vagotomy 
otteii functioned poorly for many days or weeks 

Tw'elve of the 20 patients with vagotomy and gastroenterostomy are 
completely satisfied, 5 almost completely satisfied, 2 partially satisfied, and 

1 dissatisfied Complications and causes of partial satisfaction or 
dissatisfaction have varied 

I 

Vomiting occurred infrequently during the first months after 
vagotomy and persisted only m 1 patient who had diarrhea and vomit- 
ing before operation Hematemesis or tarry stools have not occurred 
Mild pain similar to that formerly produced by ulcer recurred in 1 
patient now obsen'ed twenty-one months Pam followed bouts of 
drinking Unexplained serious episodes of colicky abdominal pain 
occurred in 3 patients One of them had had a stoma ulcer and had 
a nonfunctioning gastroenterostomy three months after vagotomy, a 
poorly functioning stoma with star-shaped mucosal folds resembling a 
healing ulcer at thirteen months and a better functioning stoma with 
less evidence of mucosal defect at twenty-six months, when the episode 
of colicky abdominal pain occurred 

Tw'elve of the 20 patients with gastroenterostomy described a sensa- 
tion of fulness after eating during the first three months after vagotomy, 
and this persisted in 6 Eight patients experienced foul eructations 
dunng the first three months, and these persisted in 5 Moderate swell- 
ing or distention of the abdomen was described during the first three 
months by 7 patients, and this persisted in 5 Moderately severe colicky 
abdominal pain or “gas pains” occurred during the first three months 
in 6 and has persisted in 4 Mild or occasional episodes of “lower 
bowel cramps” occurred in 9 patients and persisted in 4 

The bow'el habit of these 20 patients with gastroenterostomy was 
normal after vagotomy in 13 There were moderate constipation in 

2 patients, continuous or periodic looseness of the stools in 2 and a 
serious diarrhea in 3 

COMMENT 

The detailed physiologic, roentgenologic and chemical studies made 
on these patients have not been abstracted, since they are summarized 
in another publication Also benefiaal effects of vagotomy have not 
been developed, since they are generally recognized and since most 
patients are well satisfied with results of operation With 1 exception 
ulcers ha\e healed or become quiescent 




EFFECT OF VAGOTOMY ON DEVELOPMENT OF THE 
MANN-WILLIAMSON ULCER IN THE DOG 


JAMES V OLIVER, MD 

CHICAGO 

R ecent reports ^ showing the beneficial effect of vagotomy on 
peptic ulcer have been the stimulus for the experimental work 
herein reported This investigation was conducted to determine ( 1 ) the 
effect of preliminary vagotomy on the development of the jejunal ulcer 
m the dogs on which the Mann-Williamson operation was done and 
(2) the effect on formation of ulcer when tlie vagotomy was performed 
after the Mann-Williamson operation 

Exalto “ was the first investigator to report the incidence of jejunal 
ulcer in the dog following gastrojejunostomy with drainage of the 
duodenal contents into tlie colon In his conclusions, valid to this day, 
he attributed the jejunal ulcer to the action of acid gastric juice on the 
intestinal mucosa 

Mann and Williamson ® performed an end to end gastrojejunostomy, 
draining the duodenal contents into tlie terminal part of the ileum 
approximately 25 cm from the ileocecal juncture These investigators 
observed a large number of dogs and made a thorough study of the 
origin and evolution of the resultant lesions The charactenstics of the 
jejunal ulcers produced by diverting the duodenal' secretions to the termi 
nal part of the ileum have been outlined by them as follows 

1 Peptic ulcer develops in almost 100 per cent of dogs operated on 
2 The time of ulcer formation vanes , perforation may occur in ten daj s or the 
ulcer may not start to develop for three months 

3 Although the animals lose weight rapidly and progressively, the change m 
physical condition does not appear to be a pnmary factor m the development of 
the ulcer 

4 Operative trauma is not a factor in ulcer formation 
5 Impairment of blood supply is not a factor* in ulcer development 
6 The ulcer is always found in the mtestinal mucosa, distal to the anastomotic 
suture line (within 1 cm ), lateral and postenor to tlie central axis of the intestine. 

From the Department of Surgery, University of Illinois College of Medicine 
Read at the fourth annual meehng of the Central Surgical Assoaation, Oiicago, 
Feb 20, 1947 

1 Dragstedt, L R Ann Surg 122 973, 1945 ' 

2 Exalto, J Mitt a d Grenzgcb d Med u Chir 23 13, 1911 
3 Mann, F C , and Williamson, C S Ann Surg 77 409, 1923 
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within one week after the operation was found to be pneumonia, vol- 
vulus, herniation of abdominal viscera, leakage at the suture line and 
operative shock These animals were not used in evaluating the results 
of the expenments, since it is obvious that these animals had suc- 
cumbed to the immediate effects of tlie operative procedures and the 
results could serve no statistical purpose • 

A Control Senes — Mann-Williainson Opeiatwn Only — The first 
or control senes consisted of 15 animals subjected to the Mann- 
Wilhamson operation for internal duodenal drainage performed as 
follows 

With the dog under anesthesia wnth morphine and with pentobarbital sodium 
given intrapentoneally, the skin of the dog was aseptically prepared and a midline 
incision made in the upper part of the abdomen The duodenum was transected 
at its pyloric juncture and the distal stump inverted The jejunum was transected 
slightlv distal to the duodenal -jejunal flexure at the ligament of Treitz The 
distal limb of the transected jejunum was anastomosed end to end to the pylorus 
and the proximal limb anastomosed end to side to the termmal ileum approxi- 
mately 25 cm from the ileocecal juncture 

In this control senes A, 9 animals survived the Mann-Wilhamson 
operation The expenmental data herein analyzed are denved only 
from this surviving group 

B Vagotomy Follozved hy the Mann-1 Vilhainson Operation — In 
tlie second expenmental group or series B, vagotomy was first per- 
formed as follows 

With the animal under anesthesia with morphine and with pentobarbital sodium 
admimstered intrapentoneally, an incision was made in the sixth mtercostal space 
of the left side of the thorax, the intercostal musculature incised and retracted, 
exposing the panetal pleura Under positive pressure, the pleural cavity ivas then 
opened and controlled respiration maintamed throughout the operation until tlie 
thoracic cavity was closed After the left lung had been retracted cephalad and 
medially, the mediastinal pleura investing the esophagus was incised, thus mobihz- 
mg the esophagus and faahtating its delivery mto the operative field The nght 
and left \agus nerves were then identified coursing caudad on each side of the 
esophagus and isolated by blunt dissection, and a segment of nerve trunk 2 cm 
long was removed from each nerve, due care being exercised to extirpate all inter- 
lacing \agal fibers coursing from side to side around the perimetry of the esopha- 
gus The chest was then closed with interrupted linen sutures 

After a recovery penod of approximately two weeks, the Mann- 
WiUiamson operation as previously described tvas performed on those 
animals which survived the preliminary vagotomy Twenty animals 
w ere operated on in this series, but only 5 survived botli the preliminary 
vagotomy and the subsequent Mann-Wilhamson operation Data only 
from the surviving groups are analyzed The unduly high mortality 
rate among the animals in this senes was partially due to an epidemic 
of disease of the upper respiratory tract which was prevalent at the time 
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B Vagotomy Followed by the Mann-Wdlmmson Operation — In 
this series, the vagotomy was perlormed, and after an interval of two 
weeks to allow for recovery the Mann-Williamson operation was per- 
formed At the second operation, pronounced atonic dilatation of the 
stomach and intestines was observed in all animals The distention of 
the stomach m most instances was marked, the volume of the stomach 
had increased up to 800 cc Food residue was foimd in the stomachs 
of all dogs in this senes despite the withholdmg of food for twenty- 
four hours previous to operation Vagotomy resulted m hypotomaty, 
hypomoblity and dilatation of the gastrointestinal tract which was still 
evident two weeks after vagotomy 

Of the 5 animals in this series which survived the effects of both 
operations, 4 succumbed to the effects of perforated jejunal ulcer, the 
fifth dog (no 38) at necropsy was found to have a jejunal ulcer which 

Table 1 — Control Senes A Mann-Wtlltainson Operatton Only 


Dog 

Weight, 

Date ol 

No 

Pounds 

Oi>eratlon 

3 

20 

8/16/16 

1 

28 

4/ 6/46 

6 

20 

4/19/48 

6 

29 

4/26/46 

7 

19 

6/ 8/46 

8 

17 

6/10/46 

10 

16 

6/24/46 

16 

20 

7/12/46 

89 

29 

10/ 6/46 


Date ol 

Survival Iioss ol 
Time, Weight, 

Death 

Weeks 

Pounds 

6/31/46 

10 

10 

6/22/46 

11 

7 

6/10/46 

9 

7 

6/24/46 

4 

9 

6/20/46 

8 

8 

7/17/46 

9 

9 

6/22/46 

4 

6 

8/ 8/46 

8 

9 

10/80/46 

4 

12 


Oause ol Death and Comment 
Perforated Jejunal ulcer 
Perforated jejunal ulcer 
Perforated jejunal ulcer 
Perforated jejunal ulcer 
Inanition, no ulcer present 
Perlorated JeJunel ulcer 
Inanition, no ulcer present 
Inanition no ulcer present 
Jejunal ulcer, not perlorated, 
severe bemorrbeBe 


Number ol dogs 
Number ol dosrs wltb ulcer 
Incidence ol ulcer 

but the other 83 per cent (8 cases) died so early lollowlng operation 
had probably elapsed lor lormatlon ol ulcer 


9 

6 

67 %, 

that Insufficient time 


was not perforated The vagotomy, including extirpation of all mter- 
laang fibers, was found complete m all postmortem examinations 
No evidence of regeneration of the sectioned vagi was noted The 
site of the jejunal ulcer which developed m all animals in this senes 
was lateral and postenor to the central axis of the bowel, approxi- 
mately 4 to 6 mm distal to the anastomotic suture line Vagotomy 
failed to protect against development of the Mann-Wilhamson ulcer m 
the dogs in this series 

The results for this senes, as noted m table 2, constitute an inci- 
dence of ulcer' of 100 per cent. The survival time of the 5 animals 
ranged from two weeks to six weeks, or an average of three and one- 
half weeks from the date of the second (Mann-Wilhamson) operation 
The loss m weight for this group averaged approximately 35 per cent 
of the preoperative weight and was fairly constant in all animals 

C Mann-Wilhamson Operation Followed by Vagotomy — In this 
series, the Mann-Wilhamson operation was performed first After an 
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after vagotomy by patients with ulcer that I am inclmed to discount 
completely the significance of these experiments as related to clinical 
experience In spite of the fact that the Mann- Williamson ulcer might 
be considered to resemble the peptic ulcer m man, the discrepancy in 
results following vagotomy in man as compared to tlie results in the 
experiments with animals leads me to the conclusion that the patlio- 
genesis of ulcer following the Mann-Williamson operation in dogs is 
different from that of ulcer in man 

The role of aad in the production of ulcer in man, and particu- 
larly in its incidence, appears to be too definite to be disputed, at least 
in my opinion It is a well known fact, as shown by numerous investi- 
gators, that vagotomy in animals produces a definite decrease in the 
amount of acid and m the total volume of gastric secretion in the dog 
How can the failure of protection against formation of ulcer in the 


Table 3 — Senes C Manu-Wtlhamson Operation Followed by Vagotomy 


Doe 

Weight 

Date of 

Date of 

Survival 

Time After Loss in 
Vagotomy. Weight, 

Oanse of Death and 

No 

Pounds 

Operation 

Death 

Days 

Pounds 

Comment 

9 

30 

5/17/46 

8/12/46 

12 

18 

Inanition— erosion of jejunum 

18 

13 

6/14/46 

8/12/46 

4 

6 

No uioer, Inanition, stomach 

17 

22 

7/19/46 

8/29/48 

15 

10 

(Ulated 

I/arge perforated jejunal nicer 

24 

21 

8/ 9/46 

9/ 6/46 

8 

9 

Large perforated jejunal ulcer 

25 

26 

8/ 9/46 

9/ 9/46 

11 

14 

Perforated ulcer of jejunum 

29 

21 

9/ 4/46 

10/ 3/46 

1 

7 

No nicer stomach markedly 

SO 

12 

S/SO/46 

10/ 6/46 

8 

4 

dilated 

Pcrfbrated jejunal ulcer 


dumber of dogs 
>umber of dogs with 
Incidence of ulcer 

ulcer 



7 

6 

71% 


dogs on which the Mann- Williamson operation had been done, as noted 
in these expenments, be correlated with the two supposed facts just 
mentioned^ One is led to the obvious conclusion that the excess acid 
is not the sole cause of ulcer There must be another factor of great 
importance This factor might be contamed m bile, pancreatic or duo- 
denal secretion, or in all three, since in the Mann-Williamson operation 
all three secretions are diverted from their usual location just distal to 
the stomach, where experimental ulcers are found , it may be that some 
chemical in one or more of these secretions serves to protect against 
their formation However, there is ample evidence to prove that none 
of these three possible factors is sufficiently potent alone to produce 
ulcers, since the elimination of bile from the intestinal tract (by obstruc- 
tion of the common duct) or of duodenal secretion and pancreatic 
secretion (by resection of the duodenum in carcinoma of the head of 
the pancreas) does not produce ulcers in a significant number of 
patients 
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The benefit of feeding extracts of duodcmini and of tlic upper jnrt 
of the jejunum to patients \\ith ulcer as reported b\ h\ ■' and hi<; asso- 
ciates offers proof that the correction of one factor fexclusne of tlic 
acid factor) fna} rehe\e ulcer in man On the other hand the gooil 
results following vagotom}’^ m patients t\ith ulcer maj be ascribed to 
correction of the hyperacid factor unless one assumes that it also cor- 
rects a physiologic error in the secretions from the Iner pancreas or 
duodenum 

SUMMARY 

In the 9 control animals (senes A) in \\hich onh the Mann- 
Williamson oj>eration ^\as performed, ulcer de\ eloped in 6 animaK 
constituting an incidence of 67 per cent A further anahsis of the 
results in the control senes reveals that the 6 dogs m which ulcers 
developed survived an average of eight weeks from the date of opera- 
tion and lost approximately 35 per cent of their preoperative liodv 
weight during this period Ihesc data arc contrasted with an average 
survival time of three weeks from the date of operation and an aver- 
.igc loss in weight of 50 per cent of their preoperative bodv vv eight in 
those animals in which ulcers did not develop 

Mann and Williamson in a large senes of animals noted format um 
of ulcers in 98 per cent of their experimental animals, the time of for- 
mation varying from ten days to three months from the date of operation 
All dogs which survived four weeks or longer after the Mann-William^on 
operation only , succumbed to perforated ulcer Obv lously , in the scric'« 
herein reported it can be assumed that the 3 dogs in which ulcer did 
not develop might ultimatclv have had one had they survived lonqtr 
and been better able to maintain their nutritional vtatc 

In those experimental animals in which the preliminary vagotnnn 
was followed in two weeks bv the Mann-\\ illiam«on ojicration (-.crR^ 
B) tbc incidence of ulcer in those animals which survived the ttTect'- 
of the second operation bv two weeks or longer was ICX) per cent Ml 
dud of jierforatcd ulcer This is a higher incidence of ulcer than in 
the control group The average Mirvival time for the annuals ni thu 
senes was three weeks, during which tunc tbc annuals lost ajipn-xi- 
lUUelv 3^ jx-r cent of their jircojvcr.ativc bodv weight The debilitating 
efiects ol the two operations combined with the irritating elTevt- (• 
gastric retention of food, occasioned In atoiiu dil nation hvjionie ilitv 
and hvpotonicitv following vagotoinv iiuglit be consmud as ncilita’ii g 
the e irlicr dev elopiiu iit eif tbc ulcer in this series as contrasted v-’*' tl > 
tiiiic of development in tbc control scries 
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\^vlng both operations, 4 succumbed to perforation of the ulcer, fifteen, 
eight, ele\en and eight days, respectively, after i-agotomy A fifth dog 
died twelve days after vagotom}' and at necropsy exhibited a slight 
erosion of the jejunum iihich might have represented a healing ulcer 
The remaining 2 animals which did not show an ulcer at necropsj' died 
one and four days following vagotomy, an interval of time too short to 
assume that vagotom}'^ might have beneficially produced complete healing 
It IS probabl} more correct to assume that in these 2 animals the ulcer 
had not been present when the vagotomy was performed 

The incidence of development of ulcer for each series is set forth 
111 table 4 

Table 4 — Incidence of Development 




Number of 

Incidence 


Number ol 

Dogs with 

of Ulcer, 


Dogs 

Ulcer 

Percentage 

Control serlea A, Mann WUllamson oiwratlon only 

e 

6* 

67 

Vagotomy followed by Mann Williamson operation 

6 

6 

100 

Mann WUllamson operation followed by vagotomy 

7 

5 

71 


* The other 8 dogs died so soon alter operation that there may have been no opportunity 
lor lormatlon ol nicer 


CONCLUSION 

Bilateral supradiaphragmatic section of the vagi failed to prevent 
the ulcer produced by the Mann-Wilhamson operation for internal 
duodenal drainage in the dog Since I am convinced tliat i^agotomy 
produces a defimte benefit (at least temporanly) in patients with peptic 
ulcer, I conclude that the pathogenesis m the two types of ulcer is too 
different to allow any correlation of these experimental results ith the 
chmcal results of vagotomy m peptic ulcer However, the results of 
these experiments do suggest tliat there is another factor besides the 
role of acid in formation of ulcer m man Since bile and duodenal 
and pancreatic secretions are diverted from their normal location in the 
Mann-Wilhamson operation, this second factor could theoretically be 
contained in anj"- of the three secretions mentioned 
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DENERVATION OF THE STOMACH 

Historical Review 


JOHN T SMALL, MD 

ROCHESTER, MINN 

'iSow good digestion wails on appetite 
\nd licnlth on both!" 

Macbeth — Act 3, Scene 4 

S tatistics show that the madence of peptic nicer lias risen 
with the pace of modem Ining,’ but also nnpro\ed diagnosis has 
probabh relabeled as peptic ulcer some of the gastric neuroses, d3spep- 
sias and neuralgias of the stomach and visceral neuroses of the pre- 
Roentgen era" The influence of the mind o\er digestion, however, 
was recognized by the ancients, and when the anatomists discovered 
that the tenth cranial ner\e extended from brain to colon, the earl) 
observations seemed to ha^e an anatomic basis 

Tlie Phtlosophical Transacitons of the RoyaJ Society of London, 
first published m 1664, was m cflfcct the first international organ for 
the dissemination of scientific information One hundred and fift) 
)cars later, Benjamin Brodic published therein the first clearcut 
observations of the influence of the lagus nen'es on the secretions 
ol the stomach * He had sectioned both nerves in the necks of 3 dogs 
and later killed the dogs with arsenic He obsert'ed, howe\er, that 
the embarrassment of respiration w'as interfering with liis results His 
fourth experiment is worth reviewing 

Having made an incision in the abdomen of a dog immcdiateJ> below the 
short nbs, I divnded bv means of a bistoun, the stomachic ropes formed b> the 
nerves where thej arc situated on the esophagus immcdiatelj above the cardiac 
onfice of the stomach The wound w’as closed by sutures The respiration w'as 

From the Surgical Service, M3>o Clinic, and under the direction of Dr 
Waltman Walters 

1 Wood, W Q The Treatment of Duodenal Ulcer, Edinburgh M J 
52 433-450 (Dec) 1945 

2 Allbutt, T C Visceral Neuroses, Being the Gulstonian Lectures on 
Neuralgia of the Stomach and Allied Disorders, Philadelphia, P Blakiston, Son 
S- Companv, 1884 

3 Brodie, B C Experiments and ObservaUons on the Influence of the 
Nerves of the Eighth Pair on the Secretions of the Stomach, Phil Tr, London 
104 102-106, 1814 
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not m the least disturbed but was performed as frequently, and with as much 
ease, as under ordinary circumstances The animal was afterwards inoculated 
in the thigh with the white oxide of arsenic, and he died in a few hours after the 
application of the poison ^vlth the ordmary symptoms except that there was no 
fluid evacuation from the stomach or intestines 

On dissection, the mucous membrane of the stomach and intestine was found 
inflamed There was no watery or mucous fluid m the stomach or small intestine. 
There was a small quantity of mucus in the colon 

The result of this being the same as that of the former exp’ts we may conclude 
that the suppression of the secretion in all of them was to be attributed soleh 
to the division of the nerves, and all of the facts which have been stated suffi- 
ciently demonstrate that the secretions of the stomach are very much under the 
control of the nervous system 

This earty experimenter gave credit to previous unnamed workers 
He also pointed out the limitations of his method but forecast its 
eventual solution 

It has been attempted by former physiologists to determine how far the 
nerves are necessary to secretion The only method which can be devised of 
ascertaining by direct experiment whether the nerves are really necessary to 
secretion is that of dividing the nervous branches by w'hich the glands are supplied, 
but this with respect to the greater number of glands is an experiment impossible 
to perform , and with respect to others cannot be executed wnthout so much 
disturbance and injury to the other parts as must render it extremely difficult to 
arnve at positive results Perhaps in future investigations, some arcumstance maj 
arise which will enable us to determine more satisfactorily this important 
physiological question 

Since the fundamental work of Brodie the influence of the gastric 
nerves has been investigated along the three principal lines of secretion, 
motility and conduijtion of sensation Many animal species have been 
employed m the laboratory and many pathologic states of human 
beings have been treated by denervation of the stomach The extent 
of the operation has varied m the hands of different workers from 
simple division of nerves to complete excision of all branches m a 
large region The existence of so many vanables calls for caution in 
the evaluation of such procedures and no doubt accounts for the bizarre 
and often conflicting results which are reported At the present time 
many surgeons are employing interruption of the gastric nerve supply 
in an attempt to treat the primary disease or secondary effects of peptic 
ulcer This is not a new concept in treatment but has been widely 
investigated and practiced in the past The purpose of the present 
study IS to acquaint the reader with these past and present studies 
which are relevant to the understanding and further evaluation of 
this procedure 

ANATOMY 

The \agi lose their identity at the level of the roots of the lungs 
Behind the roots of the lungs, on both sides, lies the pulmonary plexus 
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I roiii till': plexus tlic ^agl incline anteroniedmih to break up into a 
\ inabk iiuinber of liranclies \\lncli cross conniniincate on tlie esophagus 
to loini tlie so-callcd esophageal plexus At ^arylng levels above the 
<lnpliraein the trunks icforni and enter the abdomen Ma the esophageal 
Inalns kacli trunk contains elements of both vagi m addition to 
sMiiinthctic fibers These trunks are pioperly called the “gastric 
ncr\e‘' and arc the structures which arc sectioned evhen neurectomv 
is periormcd at the lee cl of the lower part of the esophagus Babkin ■* 
ha^- snttd that mere moiphologe is no critciion of the mode of action 
oi a lune for action depends on the adrenergic or cholinergic properties 
at the none ending One group of investigators concluded that the 
\agi contain onl\ SMiipathctic fibers below the ganglion nodosum" 
wheiea'- another stated that the\ are cntireh parase mpatbetic m origin' 
^\ lute and '^nnthwick' ba\c stated rather bleaklv that ncurosurgieal 
metbnds h.i\e failed to reheec such clinical conditions as Inpcracicbte 
and p\lorospasin smcc the essential mechanism that controls digestion 
lies in tin intrm-«ic jilcxuscs of the gastrointestinal tract It is well 
known that prcganglioine libers ol the \agus and sympathetic ner\es 
ha\e e\lraordinar\ power'- ol regeneration and Cannon® has rcpoited 
eardionilnbitor lilier- lejoining the heart c\cn after the intrathoracic 
portion Ol the eagu'' none has been transplanted to a new position 
outside the rib' 

I. itiriet and \\ crtlicimcr,’® Mitchell” and McCrca have clari- 
licd the distrilnuion ot the extrinsic ncncs ol the stomach m man and 

4 I ilikin I. P ^(cretore Meclinii'in of the Digcstuc Gland<!, New York, 
P ml I 1 liiiln. 1 IiK P’44 

s Ki" I Die Rclalion P.ctween \ agus and S>nipathctic in Vertebrates/ 
1 \nat GG 1'3 ( Ian ) 1912 

O McSuinei, 15 \ and ''piirrcll \\ B The Gastric Fibres of the Vagus 

\er\c T Plnsiol 77 447-458 (March 15) 1933 

7 M Into I t and Smithwick R H The Vutonoinic Nervous System 
\intonn I'lnsif.Iogv and Surgical Applications, New York, The Macmillan 
Compin' 1^47 pp 35s 374 

g \\ B cited bj \^ hite and Sinithwick 

9 LatarTH" A Resection dcs nerfs de I’estomac Technique operatoire, 
Resultals chniqucs, Bull Acad de mdd, Pans 87 681-691 (June 20) 1922, 
Note prdiminairc sur I’lnncrvation ct I’cnervation de I’estomac, Lyon med 
130 166-167 (Feb 25) 1921 

10 Lstarjet, A, and Wertheimer, P Quelques resultats de I’enervation 
gastrique, Pressc med 2 993-995 (Nov 28) 1923 

11 Mitchell, GAG Nerve- Supply of (Sastro-Esophageal Junction, Brit T 
Surg 2G 333-345 (Oct) 1938, A Macroscopic Study of the Nerve Supply of 
the Stomach, J Anat 75 50-63 (Oct) 1940 

12 McCrea, E D The Abdominal Distnbution 'of the Vagus, J Anat 
59 18-40 (Oct) 1924, The Nerves of the Stomach and Their Relation to 
Surgen. Brit J Surg 13 621-648 (April) 1926 
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otlier species, although tins subject has been treated rather superficially 
in the modem textbooks of anatomy All of tliese workers have shown 
that tlie gastric nen^es do not reach tlie pjdorus directly but end at tlie 
angle of the stomach The pylorus is mnen^ated b}’^ recurrent branches 
m the lesser omentum which are nchly mixed witli sympathetic fibers 
from the celiac plexus Latarjet is responsible for the terms “nenes 
of the lessei curvature” and “nen^es of the greater curvature” for the 
nerves whicli extend to the angle of the stomach McCrea pointed out 
the large branch of the right gastnc nerve, which invariably travels 
with the left gastnc artery to the celiac plexus Recently Bradlej, 
Wilson, Walters and I reported our findings at necropsy in 111 cases 
on the distnbution of the vagus nen^es to the esophageal plexus and 
thence to tlie gastnc nerves This work revealed no significant 
variation related to age, sex or patliologic state and indicated that 
complete subdiaphragmatic section of the gastric nen^es was possible in 
more than 90 per cent of cases We emphasized tlie need for some 
standardization of terminology and suggested tlie term “gastnc neurec- 
tomy” for total or partial resection of tlie gastnc nerves, “gastric neu- 
rotomy” for simple division and the use of “vagotomy” for unilateral 
or bilateral division of the distinct vagus nerves above the cardiopul- 
monary plexuses 

LABORATORY STUDIES 

Many investigators have found tliat the anatomic distribution of 
gastnc nerves in tlie rabbit, cat and dog, animals which often are used 
m study of gastnc denervation, is remarkably similar to that in man 
Pavlov and later Babkin showed that secretion of gastnc juice was 
intermittent in tlie dog, whereas Carlson has found that m man it is 
continuous even during fasting and may even be increased dunng sleep 
This does not indicate any fundamental difference between tlie activities 
of gastnc glands of man and dogs but rather verifies the fact tliat it 
IS impossible to eliminate psychic stimuli m the human subject On the 
other hand companson of results of gastnc denen^ation must be made 
cautiously, since many workers have employed tlus procedure for tlie 
expenmental production of peptic ulcer A frequent error is to apply 

13 Bradlej, W F , Small, J T , Wilson, J W , and Walters, W Anatomic 
Considerations of Gastric Neurectomy, JAMA 133 459-461 (Feb IS) 1947 

14 Pavlov, I P The Work of the Digestive Glands, translated by W 
H Thompson, ecL 2, London, C Gnffin &, Compan}', 1910 

15 Babkin, B P Die aussere Sekretion der Verdauungsdrusen, Berlin, 
Tuhus Spnnger, 1914 

16 Carlson, A J The Secretion of Gastnc Juice in Health and Disease 
PInsiol Res 3 1-40 (Jan) 1923 
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tlic findings in llie lower animals lo man without the necessary reser- 
A ations 

The stomach was long regarded as a mechanical mill for the mixing 
mid grinding ot food such as the gi77ard in birds, until Reaumur 
(1683-1757) and Spallany.un (1729-1799) both showed that gastric 
juice could digest meat in Mtro This finding shifted attention to the 
chemical aspects of gastiic function where perhaps unfortunately, it 
has remained However complete absence of tiie gastric juice may 
exist without apparent difficultv in digestion and Best and Taylor 
have stated that the immediate factors responsible for the production 
el the various svmjitoms of gastric disease probably are always mechan- 
ical 111 nature'' Ten vears after Brodic’s discoverv of the influence 
of nerve supplv on gastric secretion Front showed that the acid content 
ol gastric juice was hvdrnchloride In the same vear Beaumont began 
Ins work with Alexis St Martin The production of free mineral 
<acid during the living process is encountered but rarely, and Claude 
Bernard'” was among tbe first to investigate its origin in tbc mucosa 
<jf the stomacb 

\fter Billroth and his school established gastrointestinal surgery 
on the heels of anesthesia and antisepsis a deeper understanding of the 
whole complicated storv of digestion became necessarj Around the 
turn ot the centurv Pavlov defined and demonstrated the phases of 
gastric secretion and Ins experimental work on dogs is the basis of 
present knowledge The variations of the Heidenhain and Pavlov 
jiouches with and without nerve supply, gave information concerning 
the role of the gastric nerves m the control of sensation secretion and 
motilitv and surgeons soon beg.an to use this knowledge in the treat- 
ment of various afflictions of the stomach 

Although Brodie had prov'cd experimentally that the gastric nerv^es 
exerted control over gastric secretion it remained for Pavdov^ and Ins 
followers to show that there were at least three phases to tins phenom- 
enon It was ushered in by the cephalic phase, which in turn could 
be eliminated bv' sectioning these nerves Alley and Babkin later 
showed that stimulation of the vagus nerves caused secretion of a juice 

17 Best, C H, and Taj lor, N B The Phj siological Basis of Medical 
Practice, ed 3, Baltimore, AVilIiams S. Wilkins Companv, 1943, p 717 

18 Cannon, W B The Book of William Beaumont After One Hundred 
Years, Bull New’ York Acad Med 9 568-584 (Oct ) 1933 

19 Bernard, C , Cours de physiologic generale du Museum d’histoire natur- 
elle de la vne commune aux animaux ct aux vegetaux. Pans, J -B Baillif;re 

fils, 1878 

20 Allej, A The Secretory Activity of the Gastric Mucosa in the Regpon 
of tlie Lesser Curv'ature, Tr Roy Soc Canada 27 71, 1933 
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which was both high in pepsin and strongly aad and was largely 
secreted from the region of the lesser curvature, which is the usual site 
of gastric ulcer Vineberg also indicated that the same nerves influ- 
enced the secretion of mucus from mucous neck cells and the gastnc 
epithelium He also found that mucus was capable of neutralizing aad 
and was useful in the treatment of ulcer The influence of the sympa- 
the;fic nen'es has not been clarified but is apparently inhibitory to these 
functions Vanations m the pepsin and acid content of the gastnc juice 
occur with the taking of different foods or the emotional state of the 
animal and strongly point to the role of the higher centers m modifying 
the reflexes Even the sight or smell of food may exate the cephalic 
phase of secretion, and Babkin has shown that this phase may appear 
at the regular mealtime of laboratory animals although no external 
stimulus IS present 

The location of autonomic areas in the higher centers has been 
extensively investigated Goltz was able to induce sympathetic and 
parasympathetic effects in dogs which had been decorticated, and ample 
evidence indicates that there are no separate regions for sympathetic 
and parasympathetic outflow from the cortex of the brain Cushing** 
was the first to record the frequent occurrence of duodenal ulcer in 
association with lesions of the midbram, and the recent experimental 
work of Beattie,** Sheehan and others has indicated discrete centers 
in the preoptic and anterior hypothalamic areas which control vanous 
autonomic functions 

Leubuscher and Schafer in 1894, Boruttau m 1896 and Her- 
zen*® in 1897 sectioned the vagus nerves m various expenmental 

21 Vineberg, AM. The AcUvation of Different Elements of the Gastric 
Secretion by Variation of Vagal Stimulation, Am J Physiol 96 363-371 
(Feb) 1931 

22 Goltz, F Der Hund ohne Grosshirn Siebente Abhandlung fiber die 
Vernchtungen des Grosshirns, Arch f d ges Physiol 51 570-614 (March 26) 1892 

23 Cushing, H Papers RelaUng to the Pituitary Body, Hypothalamus and 
ParasjTnpathetic Nervous System, Sprmgfield, 111 , Charles C Thomas, Publisher, 
1932, Peptic Ulcers and Interbrain (Balfour Lecture), Surg , Gynec & Obst 
55 1-34 (July) 1932 

24 Beattie, J The Relation of the Tuber Cinereum to Gastnc and Cardiac 
Functions (A Preliminarj Note), Canad, M A J 26 278 (March) 1932 

25 Sheehan, D The Autonomic Nervous System, in Luck, J M Annual 
Review of Physiologj, Stanford University, Calif, Annual Reviews, Inc., 1941, 
vol 3, pp 399-448 

26 Leubuscher and Schafer, A tJber die Beziehungen des Nervus vagus zur 
Salzsauresekretion der Magenschleimhaut, Zentralbl f inn Med 15 761-76/ 
(Aug 18) 1894 

27 Boruttau, H Wcitere Erfahrungcn uber die Beziehungen des N vagus zur 
Athmung und Verdauung, Arch f d ges Physiol 65 26-40 (Oct 31) 1896 

28 Herzen, P Les causes de mort apres la double vagotomie dans leur 
rapport avec les conditions de Survic, Pans, J -B Bailh^re & fils, 1898 
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aninialh and noted failure of digestion when tins principal parasympa- 
thetic pathwa} ^^as disturbed The discovery of the roentgen rays 
great!} stimulated both clinical and experimental investigation of diges- 
tion 111 general and the stomach m particular In 1929 Hartzell gave 
an excellent rcMcw of the vork of McCrea, Lataijet, McSwiney and 
Stopford and others \\hen he reported his observations on dogs in 
vlnch the aagi \\crc cut abo\e and below the diaphragm He con- 
firmed the abolishment of the cephalic phase of secretion, the loss of 
tone and the increased cmpt}iiig time in the denenated stomach of the 
dog In 1931 Vanzant reexamined Hartzcll’s dogs and found that 
secretion and aciditv had returned almost to normal despite the fact 
that the nerves c\ere completcK duidcd and shoved no evidence ot 
regeneration 

In 1925 Lull, Iv} and McCarthy pointed out that main ot tlie 
V ariations in the results reported b} different m\ cstigatoi s up to that 
tune might be explained by the fact that the branches ol the v'agus nerves 
had been sectioned at different levels and had produced various t}pes 
of denervation Koennecke and klever in 1922 also exhaustively 
reviewed the subject and cautioned against drawing conclusions from 
the denerv^ation of stomachs of healthy anttiials and comparing them 
to the effects on the ailing organ m man Grcggio and Durante 
m 1916, Beaver and I^Iann m 1931, Beazell and Ivy®' m 1936 and 
I lum in 1941 were able to produce gastroduodenal ulceration 111 

29 Hartzell, J B Tlic Lffect of Section of the Vagus Nerves on Gastric 
Acidity, Am J Phjsiol 91 161-171 (Dec) 1929 

30 Vanzant, F R Late Effects of Section of the Vagus Nerves on Gastric 
Aciditv, Am J Physiol 99 375-378 (Jan) 1932 

31 Lim, R K- S , Ivv', A C , and McCarthy, 1 1 Contributions to the 
Phjsiologj of Gastric Secretion I Gastric Secretion b\ Local (Mechanical and 
Chemical) Stimulation, Quart J Exper Physiol 15 13-53, 1925 

32 KoennecKe, W Expennicntellc Innerv’ationsstorungen am Magen und 
Darni, Ztschr f d ges exper Med 28 384-412 (March 23) 1922 

33 Koennecke, W, and Mejer H Rontgenuntersuchungen fiber den Einfluss 
a on Vagus und Synipathicus auf Magen und Dami, Mitt a d Grenzgeb d Med 
u Chir 35 297-323, 1922 

34 Greggio, E. Des ulcJres gastro-duodenaux, Arch de nied exper ct 
d’anat path 28 533-590, 1916-1917 

35 Durante, L The Trophic Element in the Origin of Gastric Ulcer Surg , 
Gvmec & Obst 22 399-406 (April) 1916 

36 Beaver, M G , and Mann, F C Production of Peptic Ulcer After 
Section of Gastric Nerve, Ann Surg 94 1116-1118 (Dec) 1931 

37 Beazell, J M , and Ivy, A C Chronic Gastric Ulcer Following Bilateral 
V''agotomy in the Rabbit and the Dog, Arch Path 22 213-219 (Aug) 1936 

38 Lium, R Peptic Ulcer and Diarrhea Following tlie Removal of the 
Prevertebral Ganglia in Dogs The Antispasmodic Effects of Magnesium Sulfate 
Pentobarbital and -Atropine Sulfate, Surgery 9 538-553 (April) 1941 
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rabbit and dog In denervation Knight, Ferguson and associates 
about 1934 found a condition in the cat and monke) which simulated 
cardiospasm m luiinan beings after deneivation was performed Such 
\ariable lesults justify an attitude of caution concerning the use of 
this jirovcdure as a therapeutic measure 

CLINICAL LSn or GASTRIC DCNLRVATION 

|abouIa\ in 1901 recorded tlie first deliberate denervation of the 
stomach in a human being for the purpose of relieving the lightning 
pains of tabes dorsalis He reported good results from resection of the 
cchac ganglion, and his operation w'as based on the supposition that 
tlie afferent (sensorj ) fillers from the viscus led to this cell station 
(fig lA) 

Exner and Schwarzmann m 1912 and latei used the abdominal 
approach and divided only tlie anterior (left) gastric nerve (fig IB) 
They also were interested in relieving lightning pains They reported 
20 cases with 1 death and good results in 50 per cent of cases They 
noted atonj' of the stomach and pylorospasm and recommended simul- 
taneous gastroenterostomy in order to avoid gastric retention and 
failure of digestion Barron and Curtis '''* and more recently Wein- 
stein and associates have used this procedure in relief of complicated 
duodenal ulcer 

Bircher m 1920 and 1921 performed denen'ation in order to 
relieve gastric pains of varied causation He interrupted the nerve 

39 Knight, G C Relation of the Extrinsic Iserves to the runctional Activity 
of the Esophagus, BnL J Surg 22 155-168 (July) 1934 Knight, G C, and 
Adamson, WAD Achalasia of tlie-Cardia, Proc Roy Soc Med 28 891-897 
(Jan 2) 1935 

40 Ferguson, J H Effects of Vagotom> on the Gastric Functions of 

lilonkevs, Surg, Gynec ObsL 62 689-700 (April) 1936 

41 Ochsner, A , and DcBakey, M Surgical Aspects of Carcinoma of the 
Esophagus Re\ie\v of the Literature and Report of Four Cases, J Thoracic 
Surg 10 401-445 (April) 1941 

42 laboulay, La chirurgic du SMnpathique abdominal ct sacra, Zentralbl 
f Chir 1 227-228 (Feb 23) 1901 

43 Exner, A, and Schwarzmann, E Tabische Knsen, Ulcus ventnculi und 
Vagus, Wien khn Wchnschr 25 1405-1406 (Sept 19) 1912 , Gastnsche Knsen 
und Vagotomie, lilitt a d Grenzgeb d Med u Chir 28 15-52, 1914-1915 

44 Barron, I E , and Curtis, G M Effect of Vagotomj on the Gastric 
Motor Mechanism in Afan, Arch Surg 34 1132-1158 (June) 1937 

45 M einstcin, V A , Hollander, F, and Jemerin, E E Vagotomy m the 
Thcrapa ot Peptic Ulcer, Surg, G>nec S. ObsL 79 297-305 (Sept) 1944 

46 Bircher, E Die Resektion von Aesten der N vagus zur Behandlung 
gastnecher Affcktioncn, Sclwveiz med Wchnschr 50 519-528 (June) 1920, 
abstracted A.rch d mal dc I’app digestif 11 135-137, 1921 
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suppi} ot the lesser cureatuie b\ dissecting the omentum and stated 
tliat an ad\antage of tins minor denen’ation was tiie lack of atony and 
the necessite for gastroenterostoni}' (fig 1C) There was a contio- 
ecrs\ m the literature between Bircher and otheis who favoied more 
radical t\pes of deuereation 

Stierlm and Stemthal/* writing m 1920 both lecommeiided a 
more radical operation than the one which Bucher used In addition 
to denervation of the lesser curvature In removal of the omentum thev 





Fig 1 — A laboulav iii 1901 excised tlic celiac plexus (schematic representation) 
B, Exner in 1912 divided the left gastric nerve (schematic representation) C, 
Bircher m 1920 used denervation of the lesser curvature (schematic representation) 
D, Stierlin in 1920 performed denervation of lesser curvature and circumcision 
(schematic representation) 


incised the serosa and muscle down to the submucosa completely 
around the stomach at the lev^el indicated in figure ID 

47 Stierlin, E Ueber den Mageninnervation in ihrer Beziehung zur Atologie 
und Therapie des Ulcus, Deutsche Ztschr f Chir 152 358-392, 1920 

48 Steinthal C Die Ausschaltung des N Sympathicus and N vagus nach 
Stierlin bei Ulcus ventriculi, Zentralbl f Chir 47 1293-1294 (Oct) 1920 
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Latarjet,“ Wertheimer Pauchet and associates/” after carrying out 
exhaustive experiments and anatomic investigations, evolved an opera- 
tion which was performed in a total of 59 reported cases Most of 
these operations ^\ere for ulcer of stomach or duodenum In all but 
eighteen gastroenterostomy was required m order to dram the atonic 
stomach, and most of these eighteen operations were for “vagotonics 
without demonstralile lesions ” Latarjet reported 1 case in which the 
patient returned m one year because of carcinoma which had developed 



Fig 2 — A, Latarjtt in 1921 iierformed denervation of greater and lesser cunn 
tures and suprapjlonc region and partial circumcision (schematic representation of 
denervation) B, Schiassi in 1925 performed denervation of suprapilonc region with 
circumcision (schematic representation of denervation) C, Fieri and Tatifcrna in 
1930 dmded both gastric nerv'cs (schematic representation) 

without symptoms in the denerv'ated stomach The operation which 
this group used w as designed to sever all the extrinsic nerv^es to stomach 

49 D’Ormond, R de B Neurectom} of the Stomach, in Pauchet, V 
Practical Surgerv Illustrated, translated hv P R B Atkinson London, Ernest 
Benn Ltd, 1925, vol 0, chap 3, pp 41-52 
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and p}lorus and to lea\c intact the large branch of the right gastric 
nerve which accompanies the left gastric arterj' to the celiac plexus 
(fig 2 A) j\IcCrca in 1924 slated that the Lataijct operation w'as 
the one of choice for complete denervation of the stomach, without 
interruption of \agal supph to other organs 

Schiassi in 1925 reported the results of a slighth modified opera- 
tion in 26 cases , He incised the entire circumference of the stomach 
down to the submucosa at a low level and also divided the pyloroduo- 
denal nerves which come down in the lesser omentum (fig 2B) In 15 
cases in wdiich the operation was done for duodenal ulcer Schiassi w^as 
satisfied with his results His work was published m '\merican literature 
and he no doubt influenced such surgeons as C H Mayo,°’^ w'ho began 
stripping the omentum from the Icssei curvature and p 3 'lorus to divide 
the pyloric nerves in order to relieve the svmptoms of duodenal ulcer 

Pieri and Tanferna in 1930 and Pien m 1932 divided both 
gastric nerv'es below the diaphragm (fig 2C) They reported 8 cases 
of duodenal ulcer in wdiich this operation w'as used without gastro- 
enterostomv This is the same operation, although probably less exten- 
sive, which w’as revived by Dragstedt*^ in 1943 Its use is now' being 
reported frequently, but the results are rather conflicting 

50 Schiassi, B The Role of the Pj loroduodenal Nerve Supph in the Surgery 
of Duodenal Ulcer, \nn Surg 81 939-948 (May) 1925 

51 Majo, C H Division of the Vagi for P\ lorospasni, \nn Surg 
88 669-671 (Oct) 1928 

52 Pien, G , and Tanferna, U Studi sulla fisiologia dell’innervazione viscerale 
dell'uomo II EffetU della resezione del vago sulla secrezione gastnea, Riforma 
med 4G 323-326 (March 3) 1930 

53 Pien, G Bilateral Sub-Diaphragmatic Resection of the Vagus Nerves, 
•\nn ital di chir 11 53 (Jan 31) 1932, abstracted! A M A 98 1950 (May 28) 
1932 

54 Dragstedt, L R, and Owens, F M , Jr Supradiaphragmatic Section of 
Vagus Nerves in tlie Treatment of Duodenal Ulcer, Proc Soc. Exper Biol fi- 
Med 53 152-154 (June) 1943 

55 (o) Thornton, T F , Jr , Storer, E H , and Dragstedt, L R Supradia- 

phragmatic Section of the Vagus Nerves Effect on Gastric Secretion and 
Motility in Patients with Peptic Ulcer, J A. M A 130 764-771 (March 28) 
1946 (5) Dragstedt, L R. Some Physiological Pnnaples in Surgery of the 

Stomach, Canad. M A J 56 133-137 (Feb ) 1947 (c) Moore, F D , Chapman, 
W P , Schulz, M D , and Jones, C M Transdiaphragmatic Resection of the 
Vagus Nerves for Peptic Ulcer, New England J Med 234 241-251 (Feb ) 1946 
(d) Walters, W , Neibhng, H A , Bradley, W F , Small, J T , and Wilson, 
J W Gastric Neurectomy for Gastne and Duodenal Ulceration, Ann Surg 
126 1-13 (July) 1947 (e) Colp, R , in discussion on Walters, W Vagotomy 

for Peptic Ulcer, Proc Staff Meet, Mavo Oin 22 281-289 (Tuh 23) 1947 
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COMMENT 

Wood has pointed out that peptic ulcer m the British Isles, as else- 
where, IS steadily on the increase He said that the incidence of 
perforation observed in hospitals of West Scotland had more tlian 
doubled from 1924 to 1941 During bombardments of World War II 
the incidence of perforation was particularly high, and he implied that 
this serves to emphasize tlie importance of psychosomatic factors in 
the causation of peptic ulcer In reviewing the pathogenesis of gastro- 
duodenal ulcer in 1942 Dragstedt reminded that section of the gastric 
nen’-es has long been practiced in the treatment of this disease but 
that tlie effects of the operation on continuous night secretion do not 
seem to have been investigated Following his wide application of 
denervation over a three year period he stated “Results are so satis- 
factory and the physiologic concepts back of the operation so appealing 
that I feel even at this early date warranted m recommending trans- 
thoracic section of the veigus nerves as a substitute for subtotal gastrec- 
tomy m the treatment of duodenal, jejunal and proved gastnc ulcers ” 

Although Dragstedt has joined Sippv,“'’ Wmkelstem and others 
m the opinion that excessive night secretion is one of the great prob- 
lems m treatment and that among patients with ulcer the amount and 
degree of acidity of this secretion are almost invariably more than 
normal, there is no universal agreement on this matter Sandweiss, 
Sugarman, Podolsky and Fnedman recently ha^e studied a group 
of normal persons and compared their results with tliose for a gioup of 
patients who had ulcer Employing continuous suction they found acid 
juice m both groups at night regardless of ulcer diets, and only 1 patient 
with ulcer had a tendency to hj^ersecretion Intermittent aspirations 
revealed greater volume of secretion among the patients with ulcer 
which these i^orkers have interpreted as simply meaning delay in 
gastric emptying 

Babkin and Karp stated that whatever gastric hypersecretion 
may be — a cause or a symptom of peptic ulcer — it is evident that for 
therapeutic purposes it is most desirable to reduce the amount in 
patients ^\lth ulcer Thej’^ took a rather pessimistic view of the effec- 
tiveness of all forms of medical or surgical treatment at present and 

56 Sippy, B W Gastnc and Duodenal Ulcer Medical Cure by Efficient 
Removal of Gastric Juice Corrosion, J A M A 64 1625-1630 (May 15) 1915 

57 Sandweiss, D J , Sugarman, M H , Podolsky, H !M , and Friedman, M 
H F Nocturnal Gastnc Secretion in Duodenal Ulcer, JAMA 130 258-265 
(Feb 2) 1946 

58 Babkin, B P , and Karp, D Effect of Quinine and Atabnne on Gastnc 
Secretion A Preliminary Communication, Canad M A J 56 137-141 (Feb ) 
1947 
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slated that the search lor new drugs or surgical procedures to dimmislr 
secretor} actniti ot the gastiic glands is justifiable 

In spite of the low' lepoited moitahty foi gastric denervation fatal 
results ha\ e occurred w hen the procedure has been used alone or 
combined with s 3 'mpathectoim Ulcers may progress and perforate 
silently into the peritoneal cavitj or death maj' result from the usual 
complications of abdominal or thoracic operations Disturbances of 
function were noted In man)' of the early workers m this field and 
have been reported on manv occasions since 1937, when Adams and 
Phemister performed the first successful resection of the lower part 
of the esophagus, which involves also complete division of the gastric 
nenes In such cases Churchill and Sweet mentioned the occurrence 
of tach)cardia sweating gastric dilatation and atonv, pylorospasm and 
sometimes an unexplained inanition without the presence of residual 
carcinoma \11 these svmptoms, m addition to diai rhea, gastric reten- 
tion fulness helchmg and physiologic obstruction whose tenure has 
been rather unpredictable Iia\e been reported by various surgeons®®' 
These disturbances of gastric inotiht)' have been tbe reason for the 
point of \new' that some form of drainage operation, such as gastro- 
enterostomy or p^ loroplast)', is necessary m many cases, and it is being 
emplo)ed routinely b) man) surgeons 

The abolition of an) sensation of visceral pain by neurosurgical 
procedures is not full) understood at the present tnne,®^ and only a 

59 Moore, F D , Chapman, W P , Schulz, M D , and Jones, C M Re- 
section of tlie Vagus Nenes in Peptic Ulcer Physiologic Effects and Clinical 
Results, with a Report of Two Years’ Experience, JAMA 133 741-748’ 
(March 15) 1947 

60 Weeks, C , Rjan, B J, and Van Ho\, T M Two Deaths Associated 
with Supradiaphragmatic Vagotomi, JAMA 132 988-990 (Dec. 21) 1946 

61 Walters, W , Neiblmg, H A , Bradle\, W F , Small, J T, and Wilson,. 
J W Fa\orable and Unfa\orablc Results of Gastric Neurectomy (Vagotomy) 
for Peptic Ulcer An Anatomic, Physiologic and Clinical Study, S Clin North 
America 27 885-904 (Aug ) 1947 

62 Churchill, E D , and Sweet, R H Transthoracic Resection of Tumors 
of the Stomach and Esophagus, Ann Surg 115 897-920 (June) 1942 Sweet, R 
H Transthoracic Resection of Esophagus and Stomach for Carcinoma Analysis 
of Postoperatw e Complications, Causes of Death, and Late Results of Operation, 
ibid 121 272-284 (March) 1945 

63 Grimson, K S Baylin, G J Taj lor, H M , Hesser, F H, and Rundles, 
R W Transthoracic Vagotomy The Effects in Fifty-seven patients with Peptic 
Ulcer and the Clinical Limitations, JAMA 134 925-932 (July 12) 1947 

64 Grimson, K. S , Hesser, F H , and Kitchin, W W Elarlj Clinical 
Results of Transabdommal Celiac and Superior Mesenteric Ganglionectomy, 
Vagotomy, or Transthoracic Splanchnicectomy m Patients with Chronic Abdom- 
inal Visceral Pam, Surgery 22 230-238 ( Aug ) 1947 
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ie^^ reports have appeared The individual response of the patient and 
the extent of the resection of the nerves are variables which have 
apparently complicated any e^ aluation of such results of gastric neurec- 
tomy The Hollander insulin test is the best available means of ruling 
■out incomplete denen ations in clinical data Many physicians feel 
that the loss of visceral paili is a disadvantage to the patient with ulcer 
who may be encouraged to exceed himself and to avoid proper medical 
purveyance In certain patients who have undergone s3fmpatliectomy 
recrudescence of peptic ulceration has developed,®” and progression 
•of peptic ulcer also has been reported after A^agbtomy In tlie opinion of 
pome surgeons tins disturbance of autonomic balance between the 
sympathetic and parasympatlietic nervous S3'stems is not without hazard 
to the patient and also may account for the irregularity of reported 
results It has also been suggested that vagal interruption renders 
Ji3fpertension more rapidl3' progressive ®” 

SUMMARY 

The salient points noted on reviev of tlie literature ma3' be sum- 
marized bnefly as follows 

The results of experimental gastric dener\'ation have been recorded 
for at least one hundred and thirt3'-three years, and gastnc denervation 
m various forms has been employed for the clinical relief of pain, 
■hypersecretion and hypermotihty for about fifty 3^ears 

Vague termmolog3’- has confused the descriptions of surgical anatomy 
and surgical technic used m these procedures Results of the operation 
•on healthy animals of various species have been compared indiscnmi- 
nately with those obtained by the operation on ailing human beings, 
and long tenn observations frequently have been contrasted loosely 
with immediate postoperative results 

Dragstedt and his followers have revived interest m gastnc denerva- 
tion and have instigated the first large scale evaluation of hundreds of 
•clinical cases 

The indications for the operation have varied with tlie vanous 
penes, and unfavorable lesults are apparently related to this factor 

65 Lehman, E P , in discussion on Walters, Bradle\, Ncibling, Small and 
AVilsofi,”-! Ann. Surg 126 1-18 (Julj) 1947 

66 Dragstedt Hollander, F The Insulin Test for tlie Presence of Intact 
Nerve Fibers After Vagal Operations for Peptic Ulcer, Gastroenterologi 
7 607-614 (Dec) 1946 

67 Hallenbeck, G A, and Pnestlej, J T Transthoracic Vagotomy Notes 
•on Unsatisfactory Results in Ta\o Cases, Proc Staff Meet, Mayo Chn 22 332-336 
(Aug 6) 1947 Warren, R Experiences with Vagotomy for Peptic Ulcer, with 
Report of an Unsuccessful Case, Surgery 22 246-258 (Aug) 1947 
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Gastroeiiterostoim and pyloroplast} are employed frequently as drain- 
age operations m combination with the operation They are designed 
to combat the attendant hypomotihtv of the stomach, especially when 
organic pyloric obstruction exists 

In the literature reviewed it was geneiallv agreed tliat gastric 
denervation is efficacious m the treatment of gastrojejunal ulceration, 
but there is no general agreement concerning the direct loss of sensation 
of Msceral pain which follows division of the gastric nenes These 
effects have been ascribed to reduced mobhty of the stomach and also 
to interruption of sympathetic afferent nerves 

The Hollander nisulin test is a reliable but not infallible means of 
demonstrating complete division of the gastric nen'es The use of this 
test has clarified clinical investigation in ruling out inadequate resections 
In addition to the treatment of peptic ulceration gastric denervation 
has been employed widi satisfaction in the treatment of intractable 
pain from chronic pancreatitis and carcinomatosis Fatal results ha\c 
follow'ed the operation in livpei tensive patients and after srmpathec- 
tom}'' ' 

Insufficient time has elapsed to indicate the permanenc} of the 
fa\orable and unfavorable results of this operation and its proper place 
in the therapy of peptic ulcer 

DISCUSSION OF PAPERS ON PEPTIC ULCKR 

Dr Mortoe Grossman, Chicago I should like to call attention to tlie pro- 
nounced difference in the results with oral administration of enterogastrone as 
reported bj Dr Ivj and myself and as reported by Dr Saltzstein Twenty dogs 
on which the Mann-Wilhamson operation had been done were treated bv the oral 
administration of enterogastrone, and m 5 of tliese dogs jejunal ulcers developed 
another 10 dogs have died in an average of nine months without formation of 
ulcer after operation , 5 animals arc still alive at an average of eighteen months 
after operation After the treatment had been carried out for nine months it was 
discontinued, so the animals now liMiig were treated for mne months and have 
gone nine months without treatment and have not contracted ulcer in that time 
I cannot offer an explanation for the discrepancy in these results, but I should 
like to offer some suggestions as to where tlie cause of the discrepancv might he 
We used a different diet, which included raw pancreas and liver, for tlie dogs 
on which the Mann-Williamson operation had been done This provides a means 
of counteracting the nutntional deficiencies which these dogs suffer because of 
diversion of the pancreatic juice This may be a factor of importance because 
the animals may not be able to survive long enough witliout such nutntional 
supplement for the action of the enterogastrone to occur We are not able to 
test the efficacy of each batch of the material, and since it is a labile material 
the possibilities are that at times we use inactive material We are at present 
devoting a great deal of energy to the development of rapid assay of each batch 
of matenal for its effect against formation of ulcer 

The beneficial effects of the admimstration of enterogastrone cannot be ascribed 
W'lth certaintv to the substance in it which depresses gastric secretion The 
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effect against formation of ulcer is probably not caused by depression of gastric 
secretion Nevertlieless, inasmuch as in each case we have a substance which is 
able to manifest both activity against ulcers and secretory-depressant effects, until 
these have been isolated and shown to be separate substances, \ve cannot sav 
that the effects are due to separate substances No one has jet succeeded in 
preparing an extract of urine or intestinal mucosa whicli is effective against 
experimental ulcer but which is devoid of gastric secretion-depressant activitj' 

Dr R Arnou> Griswold, Louisville, Ky My personal experience witli 
lagotomy is limited to 30 cases The climcal results have been satisfactory The 
procedure is still in the investigative stage, and tliose clinics that have faalities 
available should consider this as a research project and do more in the way of 
physiologic research than is bemg done m some places 

We have heard a great deal about acid today This is really not w'liat we 
mean What is meant is the peptic power of the gastric secretion, that is, its 
ability to digest protein, even the protein of the gastnc and duodenal w’all Gastnc 
secretion caused by stimulation of the i^agus nerve is a secretion high in hydro- 
chlonc acid and high in pepsin Secretion stimulated by tlie hormone gastnn 
is a secretion which is high in hydrochloric acid but low m pepsin. I should 
like to suggest that pephc power be investigated more thoroughly than it has been 
All of these studies are important in evaluating this new procedure and correcting 
any failures which we may have The sifnple use of an ordmary test meal is 
not adequate if we are going to come to valid conclusions concerning vagotomy 

Dr John B Hartzell, Detroit In 1928 or 1929 a group of dogs was trained 
to swallow a stomach tube Thej' were given test meals and then the gastnc 
contents ivere aspirated Normal curves were obtained for free and total aciditj 
and pB. values The right and left vagus nerves were then cut aboje the diaphragm, 
and gastnc analyses w'ere made In each instance the free and total acids were 
much low’er with a corresponding rise in />n values Observations were made 
for eight months and the findings w'ere rather constant Two and a half years 
later these animals were reexamined and were found to have marked dilatation 
of the stomach, and m some cases the acid had returned Similar observations 
have been made by other men 

Operations such as vagotomy ha\e been performed for duodenal ulcer as far 
back as 1924 Vagotomy was not popular at tliat time because the surgeons 
feared gastric atony and dilatation following operation Dr Charles H Mayo 
early did a partial vagotomy below the diaphragm witli other operations on the 
stomach I mention this as it might be of some interest as an indication of how 
this operation has progressed 

It has been a pleasure and a pmilege to be present during tlie presentation 
of these papers It is difficult, I think, at the present time to be certain just 
w hat our opinion wull be about this procedure five j ears hence Only time will tell 

Dr I F Stein Jr , Chicago On the surgical service of Dr Karl A Meyer 
at the Cook County Hospital tw'enty-four patients with peptic ulcer for w'hich 
surgery was indicated have had section of the vagus nerves Most of these 
patients ha\e had thorough preoperative and postoperative studies The first 5 
were tested for vagal continuity by means of the subcutaneous injection of insulin, 
but the results were inconstant Nineteen patients have been tested wth a modi- 
fication of the Hollander test (intravenous injection of insulin) Three of 6 patients 
with transtlioracic \agotomy haie had incomplete section of the vagus nerves, 
one of thirteen transabdominal operations was incomplete The Hollander test, 
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in which insulin is injected intrivcnouslj , has been modified by (1) simultaneous 
studies of gastnc motihtj and (2) a one hour control period of basal secretion 
and motihtj before the insulin is gueii Follow ing vagotomy, the presence of 
spontaneous or insulm-mduced hunger contractions of type 1, 2 or 3 is indicative 
of incomplete eagotomj This test is particularly useful after vagotomy for 
marginal ulcer following gastnc resection, for the acid response of the patients 
IS iisuallj inconstant 

MotiliU studies with a balloon m the stomach ha\e confirmed the work of 
Alachella and others that “urecholine” (carbammoyl-beta-methylchohne chloride) 
increases gastric motihtj after complete section of the vagus nerves Similar 
studies ha\e shown that “doryl” (carbanimoylchohne) promotes marked but 
temporarv increase in gastric motility after lagotomy when given subcutaneously 
(0 25 mg) “Dorjl’ when guen by mouth (2 to 3 mg) usually increases gastric 
motihtj for an hour or more Both "dorjl” and "urccholme” are useful in the 
treatment of gastric retention following complete vagotomj 

Dr Paul Harper, Chicago One point which I wish to comment on is that 
our senes of patients differs from Dr Moore’s in the incidence of diarrhea fol- 
lowing gastroenterostonn After eagotomj alone, about 50 per cent of the patients 
had some sort of diarrhea, while after vagotomj plus gastroenterostomy, we 
noticed this in oiilj 15 per cent What the explanation is for the difference 
between our observations and those of Dr Moore I am at a loss to say 

There is another side effect which we haec encountered in 15 per cent of the 
patients on whom w'e have done gastroenterostomy Tlus is a symptorti complex 
charactenzed b^ weakness, sweating and tlie feeling of faintness within a half- 
hour or so following a meal, which has been rather disabling m 3 cases In 2 
cases, it was accompanied by diarrhea following each meal, which was moderately 
distressing We attribute this to the fact that a dumping stomach caused these 
reflex sjTnptoms from sudden distention of tlie jejunum, and w'e feel that this 
might be a reason for leaning awaj from doing gastroenterostomy routmelv with 
\-agotomj 

In considering the valuation of tliesc patients postoperatively as to whether 
they have a complete vagotomj, we do not feel that any one test is completely 
reliable We feel that the msuhn test has great value when the insulin is given 
intravenouslj We have been using this test for the past two years, using 16 to 
20 tmits intravenously, and we always attempt to demonstrate a positive response 
preoperatively We have found that, on repeating the insulin test and giving 
occasionally as much as 40 units intravenously, we can get positive tests in 96 
per cent of our cases before operation We have tried sham feeding, but this 
test, while more physiologic, is less reliable Of the postoperative reduction of 
the quantity of hydrochloric acid that is put out in the mght gastnc aspiration 
seems the most reliable criterion If the output of hydrochlonc aad is not 
reduced after operation, it seems to us fairly certain that the patient did not get 
a complete vagotomy The appearance of symptoms of gastric retention is not a 
good critenon of vagotomy, as these have occurred in patients with jxisitive 
reactions to insulin tests We feel that all these factors should be considered 
in trying to decide whether the patient has a complete vagotomy or not 

Dr. Waltvian Walters, Rochester, Minn I should hke to congratulate Dr 
Gnmson on his excellent studies on patients who have undergone vagotomy I liave 
wanted to do this since the time I read his first article That was one of the 
most complete studies on a current clinical problem that I have knowm To that 
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now must be added tliese fine studies that Dr Moore has earned out at the 
Afassachusetts General Hospital 

Some ot m^ studies ha\e been incomplete because the insulin test was not made 
prior to and after vagotomj, so the results eould not be compared Dr Gnmsoa 
said many months ago that postoperative studies of motility are an important 
part of the investigation of the results of the operation It seems to me that 
investigating surgeons must proceed cautiously in application of these studies to 
clinical problems 

I am concerned about certain symptoms which develop after operations for 
duodenal ulcer I want to call attention particularly to the symptom complex 
which Dr Harper described These sjmptoms frequentlj are desenbed as the 
vagotonic symptoms associated with a dumping syndrome Quite obviously if 
the stomach is dilated a dumping syndrome — that is, the immediate passage of 
the gastric contents into the loop of the jejunum anastomosed to the stomadi — 
is not present unless it can be demonstrated by roentgenoscopy With the use of 
‘ urecholine,” which stimulates peristalsis bj means of the sjnipathetic nerves, we 
can offer a patient whose stomach is dilated after vagotomy a great deal of relief 
We must admit that we do not know what causes the weakness, famtness and 
sweating that occur after vagotomy Just before I left my ^office I had a letter 
from a phj sician concerning a case m which I performed vagotomy and in which a 
similar complex developed I do not know what to do for the patient 

Apropos of new surgical metliods of treating gastric and duodenal ulcer, Somer- 
ville, of India, has recommended ligation of tlie major arteries to the stomach 
In a recent report published in tlie British Journal of Surgery he stated that the 
results have been commendable in 28 of 80 cases Recently I reviewed an article 
in which gastric ulcer was produced experimentally in a high percentage of animals 
by ligating the gastric artery, so apparently the neurophysiology of the stomach, 
duodenum and intestine is not too w'ell known I flunk that for the present most 
of us should continue to use the recognized methods of surgical treatment for 
gastric ulcer The superiority of vagotomy over other standardized procedures 
m the treatment of duodenal ulcer still has to be proved Its greatest value, 
at present, seems to me to be in the treatment of recurrent ulceration, especially 
after partial gastrectomy and possibly after gastroenterostomv, especially if m 
conjunction with vagotomv the gastroenteric stoma is to be obliterated and the 
recurring ulcer removed 

Dr Fraxcis D Moore, Boston I think that there has been a great deal of 
useful information mentioned here and I wish to tliank the essayists and discussers 
for a most interesting afternoon 

Dr Hartzell’s comments were most interesting In fact it was lus earlj study 
that influenced us to take up these studies before we knew of Dr Dragstedt's work 

I heartily agree tliat there is no single test for determining the efficacy of 
vagotomy The best maneuver is to do a careful resection witb adequate surgical 
exposure, in a leisurely and thorough fashion I am sure that all of us are going to 
miss fibers in some cases tmd have troubles as a result But these difficulties 
wall be at a minimum if all who do tins operation approacli it as an anatomic 
challenge, and carry out preoperativ'C and postoperative studies of secretion The 
‘thirty minute vagotomy” is a real threat in this field, and we must do all that 
we can to discourage it 

Dr Keith S Grimson, Durham, N C The excellent reports of the essay- 
ists and the interest of the discussers are appreciated It has been suggested that 
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the insulin test is not a reliable nidcv of the completeness of ^agotomy Under 
the conditions witli which our tests ha\c been run and at some time during a 
six hour period about one third ot the patients exhibited an increase of free acid 
Vanations have also occurred in coiisecuti\e tests on the same patient Alteration 
of the response to insulin has been observed after subtotal gastric resection with- 
out \agotomy Etidence is therefore confusing except that patients may have an 
excellent result from vagotomj e\en though they respond to insulin hypoglycemia 
Conventional usage seems to have established the term vagotomy for both 
transtlioracic and transabdominal approaches This probably is not a miSnomer, 
since tile physiologic effect is produced bj diMSion of the ner\e and evidently little 
altered by ^nations of technic designed to prcient regeneration Our technic 
includes resection of long segments of the ncr%e, but unlike operations on the 
thjroid, pancreas or stomach, this docs not add to the plnsiologic effect 



USE OF BUFFER THROMBIN IN THE TREATMENT OF 
GASTRIC HEMORRHAGE 

A Preliminary Report 

BYRNE M DALY, MD 
DETROIT 

Oirv.CE the fir^t use of thrombin m clinical medicine^ in 1939, it 

has been used under a A'ariet} of circumstances for the control of 
bleeding It is nmi general^ a\ailable commercial!) , and its success- 
iul use m any particular situation generalh requires that it be applied 
with the use of technics \ihich take into account the properties of 
thrombin and the nature of the bleeding and its location Its clinical 
application in supportive therapi for bleeding of the- upper part of the 
gastrointestinal tract has not been considered feasible because of the 
acidity of the stomach Without special precautions this high aciditi' 
will not only prevent thrombin from clotting fibrinogen but will also 
destroy the thrombin A simple and practical technic has been dei el- 
oped which overcomes this difficulty, and evidence has been obtained 
which shows that thrombin is useful m the control of gastric hemor- 
rhages 

PROPERTIES OF THROMBIN 

This pow'erful clotting agent acts in a natural manner to clot fibnno- 
gen directly The concentrates now available commercially wnll accom- 
plish this m a few' seconds There is, hoivever, interference wnth the 
rate of clotting m solutions more acid than />h 6 5, and in addition, at 
/>H 4 3 the enzyme is destroyed " In alkaline solution there is a greater 
range of maximum activity than on the acid side of neutrality The 
dried powder is stable for a period of years, but m aqueous solution 
full activity is maintained only a few days Since tbrombm is easil) 

From the Departments of Phvsiologv and 5urger\, Wavne University Col- 
lege of Medicine 

1 Warner, E D , BnnUious, K M , Seegers, W H , and Smitli, H P 
Furtlier Experience with tlie Use of Thrombin as a Hemostatic Agent, Proc 
Soc Exper Biol & Med 41 655-657 (July) 1939 

2 (a) Seegers, W H Purification of Protlirombm and Thrombin Oiemi 

cal Properties of Purified Preparations, J Biol Chem 136 103-111 (Oct) 
1940 (b) Seegers W H , and Smith H P Factors Which Influence the 

Actnitv of Purified Thrombin, Am J Phvsiol 137 348-354 (Sept) 1942 
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destroyed by a vanet) of factors it could not be assumed to be stable 
m phosphate buffers or in the stomach of patients after successful neu- 
tralization of the acidity of the stomach 

. METHODS 

The first step m this i\ork was concerned with" the measurement 
of thrombin activity in seventh-molar phosphate buffer (20 4 Gm of 
disodium phosphate [Na„HPO^] in 1 liter of water plus 1 95 Gm of 
potassium dihydrogen orthophosphate [KH 2 PO 4 ] m 100 cc of water) 
at room temperature The contents of one ampule of thrombin (bovine) 
topical ® w'ere dissolved m 30 cc of this buffer, and the thrombin activ- 
ity ivas then measured quantitatively by the method described by 
Seegers and Smith Repeatedly the stability was found to be approxi- 
mately the same as m isotonic solution of sodium chlonde 

In order to show that the gastnc contents could be buffered to a 
pa required by the properties of thrombin, a total of 35 normal and 
hospitalized patients w^ere studied 

Within thirty to forti-fiie minutes of the noon meal, a Levine tube was passed 
and the contents of tlie stomach were aspirated with the patient lying on his 
left side. All this was discarded except 10 cc which was retained as the imtial 
specimen for pn (Beckman, glass electrode) determination Then 30 cc of seventh- 
molar phosphate buffer was given by mouth, and after five minutes a specimen of 
10 cc vas withdrawn to determine the pn again This then served as a measure 
of the effiaency of the buffer Then 10,000 units of thrombin was dissolved in 
30 cc of the buffer, and this was given bv mouth A small specimen was then 
immediately taken for thrombm analysis Exactly five minutes later a speameii 
was again taken Its acidiW was measured and the thrombin activity was also 
measured Fiie minutes later, the final specimen was taken and the same tests 
w'cre made 

Of the 35 cases, it was found that 31 showed thrombm to be present 
five minutes after administration m concentrations ranging from 1 unit 
to 150 umts per cubic centimeter In 3 cases the thrombin was not 
present despite a nse in pa to within the range of thrombin activity 
The thrombin may have passed the pylons One case failed to 
show the usual strong shift m pa, and the thrombin was destroyed 
The chart shows the values for pa and thrombin concentration for 1 
of the subjects studied It represents a selected case which I consider 
to be midway between my best and poorest result This showed that 
the activity of thrombin, placed in the stomach, remains for a time 
sufficient for any blood with which it might come mto contact to be 
clotted in a few seconds If, then, the thrombin were to gam ascess 

3 The thrombm (bovine) topical was prepared by Parke, Davis & Company 
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cr INICAL RESULTS 

The patients treated \\ere selected so as to represent only those 
who had a histor}' of hematemesis wnth a definite picture of acute 
loss of blood They had vomited blood prior to and/or during admis- 
sion The average hemoglobin \ alue w as 7 2 Gin and the average 
red cell count 2,700,000 The patients were given 30 cc of seventh- 
molar phosphate buffer, /)„ 7 6, in order to neutralize and buffer the 
gastnc contents After five minutes this was follow'ed by another 30 cc 
of the buffer, containing 10,000 units of thrombin, or roughly 330 
units per cubic centimeter 

Of the 21 patients treated 12 responded to the initial dose They 
show'ed no further evidence of continued loss of blood There was 
obwous improvement as showm by pulse rate, increase in blood pres- 
sure increased red cell count and other clinical signs dunng an average 
of eleven and one-half days of observ'ation in tlie hospital 

Five patients responded only after tw'o or more doses The fact 
that they did not respond to the first dose was plainly to be judged 
from their continued distress and further vomiting, all of which sub- 
sided after more attempts to remedy the situation rvith thrombin Then 
the)’' show'ed general improvement 

Four patients failed to respond and were operated on The fol- 
lowing observations were made The first patient had pronounced 
hemorrhagic gastritis and esophageal varices A clot of about 700 cc 
w-as seen in the stomach The second patient had a duodenal ulcer, 
and the thrombin may not have reached the bleeding point The third 
patient also had a duodenal ulcer, wdiich had eroded into the pancreas 
The bleeding vessel w'as large and required ligation during the sur-' 
gical procedure The fourth patient had massive esophageal vances 
and advanced cirrhosis of the liver 

With a problem of this nature it is obviously difficult to evaluate 
the effectiveness of the new procedure Thus far I have stated that 
thrombin can be recovered from the stomach and that tliere are good 
reasons for judging that thrombin was effective m 17 out of 21 patients 
For further orientation it seemed appropriate to select, at random, 
from the records of the same hospital, 21 patients with bleeding ulcer 
not treated with thrombin This was done and according to these 
records 10 patients showed no evidence of bleeding after admission, 
10 showed continued episodes of bleeding, and 1 died of hemorrhage 
It is well known that bleeding peptic ulcers are variable in the 
amount and frequency of loss of blood This uncertainty presents a 
definite hazard Were it not for the fact that evidence of arrest of 
hemorrhage followed shortly after the administration of the buffer 
thrombin solution it might be argued that those patients in w’hom there 
was no subsequent bleeding might not have bled any more even without 
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treatment A much larger senes of patients would be necessary defi- 
nitely to establish this point, but we believe that in this group of cases 
excessive losses of blood have been prevented by a simple and harmless 
procedure 

SUMMARY 

From the clinical and laboratory experience gained so far, it is 
concluded tliat thrombin is definitely an aid in the control of gastnc 
hemorrhage when the content of the stomach 15 bufifered Both the 
buffer and the thrombin are palatable and are nontoxic It is realized 
that a senes of patients is necessary for a thorough evaluation of this 
treatment, and the work is being continued Heavy arterial bleeding and 
bleeding which ordinarily requires a hgature cannot be controlled by this 
substance alone When thrombin does not alleviate- gastnc hemorrhage 
after four or five doses, it is felt that immediate surgical intervention 
IS indicated 

This work was aided by a grant from the National Institute of Health 
E A Sharp supplied the thrombin used in this work, and Arnold G Ware, 
Charles G Johnston and Walter H Seegers gave technical assistance and made 
helpful comment 



PROGRESS IN ORTHOPEDIC SURGERY FOR 1945 

A Review Prepnred by on Editorial Board ot tbe Americon Academy of 
Orthopaedic Surgeons 

XXll AMPUTATIONS, APPARATUS AND TECHNIC 

Prepared by 

J WARREN WHITE, MD, GREENVILLE, S C , and CHARLES J FRANKEL, MD 

CHARLOTTESVILLE, VA 

I ’'HE SAME trend toward discussions of acute traunid. in ortho- 
jjcdic literature lias continued in 1945 as in the previous war 
\ears especially as regards amputations and to a somewhat less extent 
fractures, for obvious reasons In this section of the “Progress” as 
man} articles on amputations w ere published as those on both apparatus 
and technic, the other two subtitles in our assignment 

Relatively few' old line orthopedic articles appeared until well into 
1946, these wull be reviewed m next year's “Progress” A great 
many of these articles originated in military circles, wdiere many of 
our more talented surgeons have been serving for several years and 
have gained special expenence wdiich will be of real value m civilian 
life Next year there tvill be many less military articles as these men 
get out of uniform, but even so many will be reporting their wartime 
experiences 

Amputations — Most of the articles on amputations hew true to 
the line, but there are a few articles tliat depart from conservatism 
Such a one describes a routine amputation procedure in the mid 
thigh but leaves ^ inch ( 1 9 cm ) of bone protruding from the purse- 
stringed closure Apparently unmindful of the osteoclastic action at 
the level of the skin, this author was hoping to attach a prosthesis 
early to this bony projection and start immediate end bearmg He 
closes with the comforting statement tliat “further study will be neces- 
sary to determine how the skin and bone will react to each other and 
the new conditions ” The only amputation reported in this brief article 
of this nature was on a rabbit 

The painful phantom limb syndrome was discussed at least four times, 
all the authors advising against further local surgical treatment without 

804 Citron, R IL New Method ot Amputation and Fitting of Prosthesis, 
Peona M News 16 13 (March) 1945 
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thorough study and most of them concluding that the symptoms 
were of central rather than peripheral origin 

In an excellent article by Randall, Ewalt and Blair, the psychi- 
atric reactions of the amputee is discussed While this phase of the 
problem does not strictl}^ come within our scope, it is urged that the 
article be read in full In addition to discussing the “phantom limb” 
in the usual manner, the authors divide the psychiatric reactions into 
three phases — the immediate or first postoperative period when the 
patient should feel grateful that his life was saved, the intermediate 
period, during the usual revision of the stump, when the patient is in 
doubt about the future (this the authors feel is the truly critical period) 
and tlie late or final reaction when the patient has adjusted himself or 
not psychiatncally to the rapid tiring of the member and inability to 
be on his feet for a long time The authors urge the acceptance of 
these persons in a humane wa}' by their associates and community 
The increasing popularity of ice anesthesia in amputations, par- 
ticularly those involving diabetes and arteriosclerosis, is shown by the 
number of articles that continue to appear 

Mock reports a case in which a tourniquet was left on a refng- 
erated extremity for three and one-half hours because of unavoidable 
circumstances without deleterious effect on the tissues 

For any one particularly interested in ice anesthesia, the descrip- 
tion by Cayford and Pretty of the technic employed at the Montreal 
General Hospital is well worth reading It is far simpler than the 
usual technic and one of us has used a similar procedure several times 
with complete satisfaction 

805 (a) Williams, G A Phantom Limb Syndrome Complicating Pregnancy 

and Puerpenum, Am J Obst & Gynec 50 546-547 (Nov ) 1945 (5) Livingston, 

K E Phantom Limb Syndrome Discussion of Role of Major Peripheral 
Nen'e Neuromas,! Neurosurg 2 251-255 (May) 1945 (c) Randall, G C , Evalt, 

J R , and Blair, H Psychiatric Reaction, JAMA 128 645-652 (June 30) 1945 
(d) Herrmann, L G , and Gibbs, E. W Phantom Limb Pam Relation to Treat- 
ment of Large Nerves at Time of Amputation, Am J Surg 67 168-180 (Feb) 1945 

806 Paterson, F M S Refrigeration Anesthesia m Diabetic Surgery, 
Proc Am Diabetes A (1944) 4 141-167, 1944 Dennis, C For AmputaUon 
of Thigh Ice Anesthesia, Hospitals 19 83-84 (Aug ) 1945 Mehck, D W 
Refrigeration Anesthesia, Am J Surg 70 364-368 (Dec.) 1945 Lam, C R 
Refrigeration Anesthesia, Arch Phys Med 26 20-22 (Jan ) 1945 Shaar, C M , 
Jones, D T , and Lehan, T R Refrigeration Anesthesia, S Clm North Amenca 
24 1326-1336 (Dec) 1944 Jeuett, E L Skin Traction for AmputaUon Stump, 
U S Nav M Bull 44 629-632 (March) 1945 

807 Mock, H E Refrigeration in Trauma Report of Nine Year Old Pahent 
vitli Lover Extremitv Gangrene Following Dislocation of Distal Femoral Epi- 
plnsis. Am J Surg 67 424-435 (Feb) 1945 

808 Cayford, E , and Pretty, H G Refngeration Anesthesia and EvaluaUon 
of AmputaUon Sites b^ Artenogram, Ann Surg 121 157-163 (Feb) 1945 
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A.nother excellent article of general interest on refrigeration m 
trauma of the extremities is by McElvenny,®'*'* who writes exhaustively 
on the subject and should be read by all who are interested An excel- 
lent re^^ew of the literature is presented as well as practical points in 
the technic Nothing, however, is brought out that has not been indi- 
cated in prcMous articles 

j\Iost of the articles discussing ^the technic of amputations stress 
the need for the avoidance of excess muscle at the end of the stump 
and advise the cutting of the muscle at the level of the bone and wedging 
the inner cone leaving only deep fascia and skin to cover the bone ends 
Another point that is justifiably mentioned in most articles discussing 
the technic is the necessity and value of skin traction 

The controversy about the treatment of nerve ends continues Kirk’s 
recent statement that there is no ideal way seems to hold true In view 
of this, it seems to us tliat the best way is probably the simplest , i e , 
the transverse severance of the nerve with a sharp scalpel an inch 
(2 5 cm ) or so proximal to the distal cut surface of tlie muscle 
An enumeration of various ways of treating nerve ends at amputation 
IS given by Metz,®^“ who himself advocates ligation with chromic gut 
to control bleeding, severing the nerve speedily with a sharp knife 

Browm discusses tlie details of the manufacturing of prostheses 
for the hand using “foamed latex mixtures ” This is beyond the 
needs of the average orthopedic surgeon, but when one remembers 
this author’s excellent exhibits at various medical meetings, one reads 
tlie article with much interest and is glad to know of someone to whom 
an occasional case may be referred 

For those surgeons interested in kinetic or cinematic operations, 
an encouraging article by Bartley is cited In one clinic mentioned 
where these cases were looked up, 83 per cent of 403 patients on 
■whom this operation had been performed w'ere using their artificial 
arms In another clinic surveyed by Kessler, the chief advocate of 
this operation, only 12 per cent of 278 arm amputees, who did not 
have a kinetic arm, were wearing an artificial arm for cosmetic pur- 
poses only, and only 2 were wearing a mechanical arm for functional 
use In Germany five years after World War I a review was made 
of the 7,000 hand and arm amputees, and it was found that only 
1 8 per cent were wearing any sort of melianical arm for functional use 

809 McElvenny, R T Refngerabon in Trauma of Extremities, S Clin 
North America 25 192-209 (Feb ) 1945 

810 Metz, A R , in discussion on Herrmann and Gibbs sooa 

811 Brown, A M Prosthetic Restorations After Amputations About Hand, 
Am J Surg 68 338-343 (June) 1945 

812 Bartley, S P Kinetic Amputations and Plastic Reconstructions of 
Fingers Operative Technic and Functional Results, Am. J Surg 67 181-183 
(Feb) 1945 
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This argues in favor of the kinetic amputations, but it must be con- 
ceded that the technic is above the abdity of the average surgeon 

Realizing tlie tendency of the average patient to lay aside his arm 
prosthesis before he really knows how to use it, Olson in a well 
written paper emphasizes the importance of prolonged instruction 
before the patient is allowed to be without supervision This in 
avilian practice is much more difficult than in military or veterans’ 
service We believe that this author is incorrect when he states 
m this article that the waddling gait of a thigh amputee on 
a prosthesis is due to the weakening of adductor power The 
reverse is really true, as the patient without the abdity to abduct his 
limb because of tlie shortness of his stump has to put his center of 
gravity over this leg when he bears weight and the equivalent of a 
gluteus medius gait is the result In general it is true that the longer 
the thigh stump is — as long as it does not include the condyles — in 
amputations above the knee, the better will a patient walk, everything 
else of course being equal 

Sugarbaker and Ackerman feel that the major hind quarter ampu- 
tation is not done as often as it should be and that the operation should 
depend more on the pathologic indications rather than the physical 
tolerance of the patient 

One paper on forequarter amputation was published by Berman,®” 
who reported 5 cases Three of the patients died within a year, and 
the other 2 were alive and well a year and a half after operation 
A detailed description is given of the technic, which does not depart 
particularly from that employed by Pack 

This year there seems to be a dearth of articles on prostliesis, sug- 
gesting that a general understandmg has been reached by both the 
military and civilian makers of prostheses As regards prepanng a 
stump of a lower extremity, Stevens has designed a simple harness 
apparently supenor to the usual “shnnker” aimed particularly for 
developing muscles above the site of amputation The article is well 
illustrated 

813 Olson, P F Amputation Dunng the War and After, Surg , Gynec. &. 
Obst 81 688-691 (Dec.) 1945 

814 Sugarbaker, E D , and Ackerman, L V Disarticulation of Innominate 
Bone for Malignant Tumors of Pelvic Parietes and Upper Thigh, Surg , Gynec 
& ObsL 81 36-52 (July) 1945 

815^ Berman, J K. Interscapulotlioracic Disarticulation of Arm, Surgery 18 
256-266 (Aug ) 1945 

816 Pack, G T , McNeer, G , and Coley, B L Interscapulothoracic Ampu- 
tabon for Mahgnant Tumors of the Upper Extremity Report of Thirtj-One 
Consecubve Cases, Surg , Gynec. & Obst. 74 161-175 (Feb ) 1942 

817 Stevens, A G Exerase Harness for Use of Lower Extremity Amputees, 
Physiotherapy Rev 25 27-29 (Jan -Feb) 1945 
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Apparatus — Once again, stimulated obMOusIj by the opportunities 
of closer relationship between tlie surgeon and the brace shop in mih- 
tar} semce, many onginal pieces of apparatus have been devised and 
published offiaally from the I'anous branches of our armed forces 

In relation to plaster technic possibh the most important device 
since the advent of the use of plaster of pans casts m the early 1850’s 
has appeared on the market The reciprocating electncal plaster cutter 
densed by Striker has made the removal and fenestration of plaster 
casts a pleasure The sole drawback expenenced by one of us in 
using this truly manelous instrument is the disquieting noise made 
b} tlie reaprocatmg mechamsm A descnption of the instrument has 
not \et appeared in pnnt but most orthopedic surgeons have seen it 
on exhibit at the meefangs of the Qimcal Orthopedic Societ) and the 
Orthopedic Academ} m October 1945 and Januarj" 1946, respectiiel} 

The possibilit}' of the use of this instrument to replace the dangerous 
rotating electnc bone saw immediately occurs to tbe bone surgeon 
and it IS hoped that it inll be available in the not too distant future 
Striker is workmg on that now 

A refinement of the valuable cast -wedging idea has been published 
by Rhmelander and Ropes,®^® -who descnbe three tv'pes of hmges for 
use m correcting articular deformities, particularly of the knee and 
the elbow 

The chief advantage of this apparatus is that the leather strap type 
of plaster hmge has been replaced in one instance by a steel strap 
and m the other twm instances by conventional hmges, one bemg 
fitted for gradual correction mth a tumbuckle arrangement One of 
us has m the past gotten along rather well simply by using a small 
uncut portion of the cast as a hmge, but admits that m some of the 
more difficult problems this more formal idea would be of real value 
The article is well illustrated 

Two more walking plates for attachment to plaster casts have been 
devised,®*® both rather similar and having the same tivo objectives — 
a w eight-bearing surface that is less nois}-^ and not so hard on floors 
and a convex rocker bottom arrangement for ease m walkmg 

The Army Medical Bulletin, publishing an article bj Hanej,®-® 
describes a split drum for use m making plaster reenforcements, or 

818 Rhinelander, F W , and Ropes, I^L W Adjustable Casts in Treatment 
of Joint Deformities, J Bone & Joint Surg 27 311-316 (April) 1945 

819 Vineberg, A. M , and irurph>, D R New Rocker Type of Cast Walker 
Pr eliminar y Report, CatiacL M A. J 52 394-397 (April) 1945 Koi en, B , and 
Koien, M T Walking Iron -with Foot Plate, Am J Surg 68 270-271 (Ma>) 
1945 

820 Harvey, R. K. Device for Malang Plaster of Pans Reinforcements, 
Bull U S Armj M Dept, June 1945, no 89, pp 118-119 
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splints as they are sometimes called With the satisfactory commercial 
product, this device is not so necessary now as it formerly might 
have been 

A descnption of an improved Tobruk plaster was published in the 
Bulletin of War Medicine by the editorial staff It is of little moment 
in peacetime, but might be of considerable value in an emergency 

Rowe recommends the use of used roentgen film stnps (6 by 
1 inch [15 2 by 2 5 cm]) to reenforce plaster casts It is believed 
that others, including us, might express some doubt about this idea, 
as it IS feared that the film strips are likely to weaken the plaster by 
preventing complete bonding together of all the layers of the plaster 
It IS mentioned here solely because the author is suggesting something 
which in his hands has been worth while Possibly the emulsion on 
the roentgen ray film serves to bind the plaster and the film together 

Anderson and Enckson have come out with another plastic cast, 
tins time a combination of "fiberglas” and cellulose acetate with a 
setting fluid It is strongly recommended, but one wonders whether 
It will be more successful than the "castex” product, which is still used 
to some extent The porosity and waterproofing of the product and 
imperviousness to roentgen rays are factors decidedly m its favor Its 
use as a routine clinic supply is prevented by its cost together with 
Its somewhat increased difficulty of application This is apparently 
the same material that was reported tlie year before in Northwest 
M edictne 

With all their disadvantages, it is difficult to improve on the old 
time plaster bandages, particularly the commercial type put out the 
last few years We have wondered, as "have often many others dunng 
hot summer days, whether some sort of tubing might be incorporated 
between the layers of a hip spica so that ice water might be run 
through, and were much interested in reading an article by Cromar,®*' 
who has done this and considers it of value Using perforated tubes 
and passing air through them, he mentions the possible use of an 
insecticide if found necessary 

821 Improved Tobruk Plaster (Mark III), Bull War Med 5 241-242 (Dec ) 
1944 

822 Rowe, M L Eas> and Economical Method of Making Removable Casts, 
J Bone & Joint Surg 27 521-522 (July) 1945 

823 Anderson, R , and Enckson, H R , Glass PlasUc Cast, Am J Surg 
69 299-305 (Sept) 1945 

824 Anderson, R New Waterproof Plastic Cast, Northwest Med 43 365- 
371 (Dec) 1944 

825 Cromar, C D L Body Cooler for Use with Plaster of Pans Casts 
J Canad M Serv 2 183-185 (Jan ) 1945 
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A tenthke frame has been devised as a substitute for the time- 
honored Balkan frame Its three originators claim in addition to 
the usual ments of the latter apparatus that it can be used as an 
oxygen tent Aside from this and that less overhead room is needed, 
there seem to be no special ments that are not shared by the Balkan 
frame One disadvantage is that, with the pitched roof type of over- 
head cross members, at least two extra cross members are required 

Holman has described a useful suspension bar for a Thomas 
splint when used on a stretcher This supports as well as firmly sta- 
bilizes the distal end of the splint, adding materially to the safety and 
comfort of the injured extremity 

Spiegler advocates a simplified humeral splint, the fundamental 
parts of which are two rectangular pieces of sheet metal of proper 
size and gage and a malleable metal strip One metal plate supports 
the humerus and the other, when the malleable metal strip is attached 
to both, holds the arm abducted when pressed against the side of the 
body Both, of course, are properly padded and fitted with stabilizing 
straps, but the manner of supporting the forearm is not discussed except 
to state that “a collar and cuff, or cravat sling, may be applied from 
the neck to the wrist ” It occurs to us that this splint might well be 
incorporated into an arm plaster and thus take the place of the diffi- 
cultly applied shoulder spica One of the illustrations shows a rather 
distressing amount of internal rotation of the forearm which is bound 
to occur if the forearm is not properly supported 

Andreasen describes a shoulder abduction splint using the Bohler 
Cramer wire properly bent and padded This is similar in construction 
and use to the efficient splint originally descnbed by Bohler which 
every once m a while should be brought to our attention As an 
immediate postoperative dressing, adhesive tape being usqd instead of 
straps, it IS most useful As the patient convalesces the adhesive tape 
can be gradually replaced by straps 

In line with the suggestion, Phalen incorporates a leg brace in 
a plaster spica for hip immobilization, particularly acetabular fractures 
In his illustration, much more immobilization of the hip would have 

826 Healy, W V , Peterson, C A , and Chapman, E St Qare Fracture 
Frame Preliminary Report, Indust Med 13 998-1000 (Dea) 1944 

827 Holman, M S Suspension Bar lor Thomas Splint, Lancet 2 434 
(Oct 6) 1945 

828 Spiegler, A A Simplified Humeral Splint, Am J Surg 68 268-269 
(May) 1945 

829 Andreasen, A T Simplified Shoulder Abduction Splint, Lancet 2 
600 (Nov 4) 1944 

830 Phalen, G S Cast-Caliper Brace for Immobilization of Hip, J Bone 
&. Joint Surg 27 724-726 (Oct ) 1945 
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been obtained had he earned die body part of his short spica well 
over the costal border The idea is an excellent one, however, and 
IS the reverse of what one of us has done on many occasions, i e, 
he has attached a pelvic band or a body brace to a leg plaster by 
upnghts coimectmg the two Many occasions may develop in which 
this unconventional combination of plaster cast and brace may be 
employed 

A new imbodiment of a method for preventing rotation in a brace 
for the cervical part of the spine when the need for actual support of the 
head does not exist has been published by Boldrey To a well 
fitting occipital plate, flanges are attached just below the lobe of the 
ear and extend forward around the maxillary bones to the ala of the 
nose This gives the desired relief to motions of the mandible and yet 
prevents rotation of the head The illustration shows the arrange- 
ment well 

Whigham published the description of an ice-tong-hke spring 
clip which for temporary Thomas splint traction to an injured leg 
can be quickly attached to a boot heel He also suggests the use of a 
jacket sleeve as a Thomas splint shng 

In line with Bunnell’s ideas relative to the value of mobilization 
splints, particularly for the hand, Feltner has devised a reversible 
easily made splint for forearm, wnst and finger facilitating the type 
of mobile splintage desirable for injunes of the penpheral nerves 
The article is well illustrated A somewhat sinular but less easily 
understood apparatus was described by Herzog®®* This was devised 
particularly for radial nerve palsies rather than the more complicated 
finger involvements 

Technic — While there is nothing in it that has not been said before, 
it IS felt that in a review of last year’s literature Darrach’s ®®'’ splendid 
article on “Surgical Approaches for Surgery of the Extremities” should 
start off this subtitle He states that the critena for a good surgical 
approach are as follows (1) It should provide comfortable access to 
the structures sought for, (2) it should do as little damage as possible, 

831 Boldrey, E Supportive Immobilization of Cervical Spine, Surg-, Gynec. 
& Obst 80 107-108 (Jan) 1945 

832 Whigham, J R, M Dip for Use with Thomas Sphnt, Bnt M J 1 265 
(Feb 24) 1945 

833 Feltner, J B Mobilizing Splints m Treatment of Motor Nerve Injunes, 
M Bull Mediterranean Theat Op 2 162-166 (Dec.) 1944 

834 Herzog, E. G Splint for Radial Nerve Palsies, Lancet 2 754 (Dec. 9) 
1944 

835 Darrach, W Surgical Approaches for Surgery of Extremities, Am J 
Surg 67 237-262 (Feb ) 1945 
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(3) it should pass between rather than tlirough muscles, (4) it should 
pass these muscles opposite their blood and nerve supply , ( 5 ) it should 
permit actual visualization of important structures or pass a safe dis- 
tance from them, and (6) it should be possible at the close of the 
operation to restore the disturbed structures to tlieir normal position 
He takes up particularly the shoulder, including the useful transacromial 
as well as the anterior and postenor approaches, the arm, the forearm, 
the thigh (exposing the femur) and the lower part of the leg The 
importance of adequate length of incisions is stressed Dr Henry 
Marble, of Boston m discussion stated all too truly that the length 
of an incision vanes with the age of the surgeon 

One might say that this excellent article of Darrach’s is a preface 
to Nicola’s ®®'’ valuable book “Atlas of Surgical Approaches to Bones 
and Joints ” Nicola’s book has nothing particularly new m it, but it 
unquestionably is a stimulus m the progress of our specialty, espeaally 
iiitli our junior members As has been stated, a large part of the 
success of an operation depends on an adequate approach, and a 
surgeon would do well to consult this publication the evening before 
he embarks on a surgical procedure with which he is not perfectly 
familiar It is a true vademecum 

Straub, Thompson and Wilson’s paper on the results of epi- 
physeodesis and femoral shortemng with the Phemister techmc is of 
considerable importance and concern at least to the reviewer The 
Phemister technic was employed in the arrest of growth and over one 
fifth of the patients experienced growth defornuties, only half of them 
severe enough, however, to justify surgical correction The inaccuracy 
of any known method of predicting growth of bone was justifiably 
stressed White reported a senes of cases m which a modification 
of Phemister’s technic was employed consisting essentially of a deeper 
penetration of the cortex in the local bone grafting procedure, in which 
no deformities had developed White had empincally figured on 
cessation of growth in girls to be at 16 years and that in boys a year 
later Using this as a premise and figunng inch (about 1 cm ) 
retardation would result from epiphyseodesis of tlie femur and 
(0 6 cm ) at the proximal end of the tibia, he reported satisfac- 
tory results m his series of cases It is obvious that further work 
must be done on this problem, particularly as regards the age at 

836 Nicola, T Atlas of Surgical Approaches to Bones and Joints, ed. 1, 
New York, The Macmillan Company, 1945 

837 Straub, L R , Thompson, T C, and Wilson, P D Results of Epi- 
physeodesis and Femoral Shortening in Relation to Equalization of Limb Length, 
J Bone & Joint Surg 27 254-266 (April) 1945 

838 White, J W , in discussion on Haas 
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which, in a given case, growth of bone can be expected to be com- 
pleted Todd’s “Atlas of Bone Maturation of the Hand” is now being 
employed by White in ascertaining this age in individual cases 

These authors were much more satisfied with their results after 
femoral shortening, none of them however in patients less than 13j4 
years of age, the average correction being a little short inch 
[0 32 cm]) of 2 inches (5 1 cm) 

Haas in another article on retardation of growth reported expen- 
ments on animals in which wire loops were used around the metaphysial 
plate through the diaphysis and epiphysis He hopes to prove that 
by maintaining and releasing these wire loops, growth of bony can 
be controlled This work is still in the experimental stage, and further 
reports will be made later This research work is most important 
and will be followed with much interest 

Bilhg *■“’ in an article discussing gradual progressive fascial ligamen- 
tous contractures with advancing years with their sequelae, such as 
sciatica, advises their release by physical therapeutic means including 
particularly stretching exercises This a good conservative article 
to read during the fortunately gradually waning furor about disk lesions 
Flanagan has devised an instrument for measuring the depth 
of screw holes, facilitating the use of a screw of the proper length 
Any rod of smaller caliber than the smallest hole that is likely to be 
bored through bone, witli a slight hook on the end to catch on the 
deep end of the bone would do, but as we rarely have such a rod, 
It IS an instrument that should be m the bone kit of those of us that 
use a good many bone screws 

Supporting McKeever’s favorable attitude toward the use of cello- 
phane where union of two adjacent structures is to be avoided, as 
in tendon work, Harley reports 3 cases in which he has used it 
successfully (1) for making the tunnel for the long extensor of the 
index finger, (2) another for the adherence of the distal portion of 
the triceps to the humerus and (3) to prevent the recurrence of a 
synostosis between the radius and the ulna in a fracture It is generally 
conceded, however by those doing most of this work that tantalum is 
the interposing material of choice 

839 Haas S L Retardation of Bone Growth by Wire Loop, J Bone S. 
Joint Surg 27 25-36 (Jan ) 1945 

840 Billig, H E , Jr Release of Fascial Ligamentous Contractures m 
Physical Rehabilitation, Indust Med 14 270-273 (April) 1945 

841 Flanagan, J J Instrument for Accurate Measurement of Bone Screws, 
J Bone &. Joint Surg 27 723 (Oct ) 1945 

842 Harlev, G H, and Breck, L W Cellophane in Bone and Joint Surgeo, 
Am J Surg 68 229-231 (kfa^ ) 1945 
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Another tedrnic for rapid roentgenography m the operating-room 
has been published in detail by Minear This allows a readable film 
to be produced at a temperature of 75 F m one and three quarters 
minutes and m a minute less at 95 F The dimensions of a portable 
light-proof box are given m tins illustrated article, the technic requires 
only one solution This technic to us is superior to other quick processes 
m which only one solution is employed 

Anderson has made a contribution to the technic of ankle fusion 
by suggesting the removal of the malleoli, which unquestionably some- 
times keep the opposing surfaces of the talus and the tibia apart 
However, he employs transfixing pins with fixation rods instead of 
simple plaster for immobilization and apposition The incorporating of 
the pins m plaster meets with Anderson’s approval, although he obvi- 
ously does not feel that to be necessary 

An excellent review of the uses and dangers of a tourniquet for 
work on the extremities has been written by McElvenny He con- 
demns the use of any but a pneumatic tourniquet for the upper part 
of the arm, and believes that the Esmarch tourniquet for the leg is 
better tlian the sheet rubber bandage It is feared that the dangers 
of the tourniquet have been stressed so much that few general surgeons 
who read this article will use it One of us caught himself worrying 
about the complications cited, m a recent case m which he used a 
so-called Martin sheet rubber bandage for the arm 

The added interest m spinal surgery and exploratory operations 
on the disks is^ reflected m the publishing of four articles describing 
somewhat similar spinal retractors, two of tliem self retaining Tire 
essential pnnciple m all of them consists m the fact that they go 
deeper and have different arrangement at their depth for holding the 
tissue away from the lammas Meyerdmg,®*® Shelden and Pudenz,®^^ 
Glaser and Hoen are the authors Those particularly interested 
are referred to the ongmal articles 

843 Mmear, W L Rapid Roentgenography m Operating Room, J Bone 
& Joint Surg 27 157-159 (Jan ) 1945 

844 Anderson, R Concentnc Artlirodesis of Ankle Joint Transmalleolar 
Approach, J Bone & Joint Surg 27 37-48 (Jan ) 1945 

845 McElvenny, R, T Tourniquet Its Clinical Application, Am J Surg 
69 94-106 (July) 1945 

846 Meyerding, H W Retractor Designed to Facilitate Exposure in Oper- 
ations on Spinal Column and Other Deep Structures, Am J Surg 67 572 
(March) 1945 

847 Shelden, C H , and Pudenz, R H Improved Retractor for Hemilamin- 
ectomy, Surgery 16 884-885 (Dec ) 1944 

848 Glaser, M A Automatic Self-Retaining Laminectomi Retractor, J 
Neurosurg 2 285-286 (July) 1945 

849 Hoen, T I Special Self-Retaining Retractor for Use in Interlaminar 
Approach to Hernias of Intervertebral Disk, ibid. 2 459-460 ( Sept ) 1945 
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A stainless steel anastomosing tube for use in repair of tendons 
and nerves has been devised by McKee®*® The cahber of tlie tube 
corresponds with the size of the tendon, and the tube has stamped 
through It small kick-up spikes, somewhat similar to those employed 
m woven bandage fasteners, to hold the ends in close apposition when 
they are pushed into the tubes These holes help to permit exchange 
of fluid within and without the tube, make suturing unnecessary and 
allow immediate activity The article is well illustrated Unfortunately, 
the manufacturer of tlie tubes is not given 

An instrument similar to a Masson*®^ fascial splitter has been 
devised by Webster for excising tendons of amputated fingers tliat 
are interfering with the function of tlie remaining finger tendons This 
IS somewhat different from the Bunnell stnpper, which allows its 
application to an intact tendon, both ends of which are attaclied 

An important fundamental article on the successful transplantation 
of epiphysial cartilage has been published by W enger , it exhibits 
roentgenograms proving the growth of a transplanted proximal end 
of a fibula employed to replace a destroyed first metatarsal m a boy 
7 years old This disproves the contention of Haas that the epiphysial 
cartilage plate loses its power of causing bone growth after trans- 
plantation This particular transplant has been growing for four 
years, and as the patient is still growing, the eventual fate of the 
transplant is unknown It is hoped that at bone matunty a final report 
will be made on this fundamentally important problem 

Of more interest to the oral surgeon than the orthopedic surgeon 
IS the vitallium mandibular prosthesis reported by Wmter, Lifton and 
McQuillan ®®® but comparable m functional importance and almost in 
size to the vitallium proximal femur reported in 1943 by Moore and 
Bohlman Here again is demonstrated the tolerance of tissue to large 
masses of inert metal prostheses 

850 McKee, G K Metal Anastomosis Tubes in Suture, Lancet I 650-660 
(May 26) 1945 

851 Masson, J C New Instrument For Securing Fascia Lata for Repair 
of Hernia, Proc. Staff Meet, Ma^o Oin 8 529-530 (Aug 30) 1933 

852 Webster, G V Treatment of Tendons in Finger Amputations and 
Description of New Instrument, Surgerj”^ 17 102-108 (JanT) 1945 

853 Bunnell, S Repair of Tendons and Descnption of Two New Instru- 
ments, Surg , Gvnec R Obst 26 103-110, 1918 

854 Wenger, H L Transplantation of Epiphjsial Cartilage, Arch Surg 
50 148-151 (March) 1945 

855 Winter, L , Lifton, J C , and McQmllan, A. S Embedment of Vitallium 
Mandibular Prosthesis as Integral Part of OperaUon for Remoral of Adamanti- 
noma, Am J Surg 69 318-324 (Sept) 1945 
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XXI 11 RESEARCH 

Prepored by 

A R SHANDS Jr , M D , and MARION H MORRIS, M D 
WILMINGTON. DEL 

^ I ’'HE REPORTS on ortliopedic research and related subjects for 
1945 show a preponderance of articles on neuromuscular studies 
The outstanding article of the thirty-four reviewed for this section is 
that of Bowden and Gutmann on the denervation and reinnervation of 
human voluntary muscle This should be read in full by every ortho- 
pedic surgeon The sixteen articles selected for review in this section 
divide themselves into the followmg subjects and will be presented m 
this order (1) neuromuscular studies, (2) muscles and blood supply, 
(3) healing fractures, (4) phosphatase and ossification, (5) bone growth 
and hormones, (6) plastics in bone surgery, and (7) ntamin D and 
mineralization of bone 

Neuromuscular Studies — Bowden and Gutmann®®® have made an 
excellent study of the innervation, denervation and reinnervation of 
human muscle m matenal taken from patients with injuries of penpheral 
nerves One hundred and forty biopsies of different muscles from 
86 cases were examined The periods of denervation observed ranged 
from forty-two days to thirty years 

It was found that denervation leads to progressive shnnkage and 
ultimate destruction of the muscle fibers with the followmg observations 
(a) Up to three years, no degeneration and no disruption has been 
found m the muscle fibers However, shnnkage and increase of con- 
nective tissue in part of the muscle may be too advanced to allow recovery 
after reinnervation The essential changes dunng this penod are pro- 
gressive but unequal shrinkage of the muscle fibers, progressive deple- 
tion of the sarcoplasm of the end plate and progressive distortion of 
the pattern of innervation and vasculanzation 

(fc) From three years onward disruptive changes occur Shrinkage 
of the muscle fibers is associated with a longitudinal splitting up of 
their substance into individual myofibrils and with transverse fragmen- 
tation These fragments are found embedded m connective tissue by 
which they are ultimately replaced There is no indication of direct 
metaplasia into collagenous fibers In the latest stages of denervation, 
muscle fibers may be represented by tubes filled with pyknotic nuclei 
and granules of irregular size and distnbution or by small round or 
oval fragments of degenerated muscle tissue Cross striation of muscle 

856 Bowden, R. E. M , and Gutmann, E Denervation and Re-Innervation 
of Human Voluntary Muscle, Brain 67 273-313 (Dec ) 1944 
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fibers may remain intact up to the latest stages of denervation but is 
lost in the small fragments which may show hyaline and vacuolar degen- 
eration of the cytoplasm Changes m the nuclei lead to pyknosis and 
ultimately karyorrhexis 

(c) Up to three months after denervation, tlie pattern of innerva- 
tion is intact and the individual Schwann tubes can be followed to their 
end plates After about three months, the end plates become increas- 
ingly difficult to identify and the pattern of innervation is distorted 
progressively by the proliferating connective tissue 

(d) In the early stages of denervation there is apparently an increase 
in the permeability of the vessels leading to the formation of perivascular 
infiltrations There is a progressive thickening of the walls of the 
vessels The pattern of vascularization is distorted by increasing con- 
nective tissue formation The rich anastomotic network of capillarie'; 
is reduced Finally, the vessels may be completely blocked 

(e) In the latest stages of denervation muscle is represented by fat, 
connective tissue vessels and the larger empty nerve trunks 

(/) The time of denervation is not the only factor determining the 
degree of atrophy There are indications that age, stretch, sepsis and 
other factors play some part in influencing the degree and rate of atrophy 
(ff) The changes in the muscle may be reversed to some extent by 
reinnervation providing that the integrity of the muscle fibers itself is 
not attacked Fragmentation is usually found after three years and 
represents an irreversible change Up to three years, delay of repair 
influences progressively the degree of recovery, after three years the 
possibility of any useful recovery is in question 

Muscle biopsies were found to provide aids to diagnosis, prognosis 
and treatment in selected cases of peripheral nerve injuries The cntena 
used to evaluate these biopsies are (a) the state of the muscle (degree 
of atrophy), (b) the state of the nerve (degree of reinnervation) and 
(c) the period of reinnervation (time between biopsy and the expected 
arrival of nerve fibers) This is calculated on the assumption that the 
lesion IS an axonotmesis It is then compared with the state of the nerve 
and muscle found in the biopsy, and a diagnosis can then be made 
The studies showed that different types of lesions m the main nerve 
trunk give a characteristic pattern of reinnervation in the muscles, the 
degree of reinnervation depending on the nature and duration of the 
lesion It IS possible to distinguish between neuropraxia, partial lesions, 
axonotmesis and a group composed of unsuccessful sutures, traction 
injunes, etc When neither empty nor innervated nerve trunks are found, 
a diagnosis and prognosis can be given based on the state of the muscle 
In the study there is evidence that the rate of outgrowth of the tips 
of axons in man is not less than 3 mm a day after an axonotmesis 
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There has been no evidence that muscle biopsy is a procedure harm- 
ful to tlie patient A muscle biopsy may be performed using local anes- 
thesia The mam indications for biopsy are (a) to determine the 
degree of atrophy, extent of fibrosis or presence of vascular changes 
m a muscle when full clinical examination has failed to give conclusive 
ewdence, {h') to determine the nature of the lesion of the nerve when 
the histor}’- and clinical exaiuination fail to provide all the necessary data , 
(c) to determine whether a satisfactorj , uniform wave of reinnervation 
is occurnng in long-standing high lesions of nerves (the changes of 
reinnen'ation of the distal muscles and cutaneous sensory end organs 
may be assessed by examination of one of the more proximal members 
of the muscle group) , (d) to assist in determining whether exploration, 
resection and resuture are indicated after a primary or secondary nerve 
repair, (e) to determine whether delay or return of functional recovery 
IS due to the state of the nerve or muscle or both, and (/) to provide 
additional confirmation of the necessity for operation when the patient 
needs reassurance 

The limitations of biopsy are (a) The biopsy specimen may contain 
no nerve trunks (out of 140 biopsy specimens 7 contained no nerve 
tnmks , 3 contained only perivascular fibers , this represents 7 1 per cent 
of the total) (b) A biopsy is only a small sample, when the lesion is 
a partial one an unduly favorable or unfavorable impression may be 
gained (c) Sufficient time must have elapsed for reinnervation to have 
occurred, and if the lesion is higlj it may not be justifiable to wait for 
biopsy before exploring the nerve 

Finally, the authors concluded that a repair of nerve thr^e years or 
more after injurj^ is unlikely to be followed by any useful functional 
recover} of the muscle 

[Ed Note — This article contains a tremendous volume of important 
data for every surgeon treatmg penpheral nerve injuries The authors 
state tliat the groiii;h of nerves is not less than 3 mm a day , most of 
the teaching is 1 to 2 mm a day From the authors’ observations, cer- 
tainly three years is a sufficient length of time to wait for the regen- 
eration of a nerve before transplantation of tendon and muscle is to 
be considered ] 

Hines, Melville and Wehrmacher studied the effect of electrical 
stimulation on neuromuscular regeneration and muscular atrophy 

The object of the investigation was to determine the over-all effects 
on neuromuscular regeneration of a regimen of electrical stimulation 
which had been proved to be effective m delaying denervation atrophy 

857 Hines, H M , Mehnlle, E V, and Wehrmacher, W H Effect of 
Electrical Stimulation on Neuro-Muscular Regeneration, Am. J Phjsiol 144 
278-283 (Juh) 1945 
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and to determine the time after denervation during which electrical treat- 
ments are most effective 

Daily faradic stimulation was effected on the gastrocnemius in an 
adult albino rat after tibial nerves had been crushed 

The results were as follows 1 Daily treatments greatly retarded 
the loss of weight and strength m muscles prior to their reinnervation 
(retarded rate of atrophy) 2 Treatments had no effect on the tune 
of onset of funcbonal reinnervation and on normal innervated muscle 
This observation indicates that electrical stimulation neither hastens 
nor retards the progress of axon outgrowth and its estabhshment of 
functional contacts with denervated muscle 3 Electrical stimulation 
and the stretching and fatigue resulting therefrom appeared to be with- 
out injurious effects on any phase of neuromuscular regeneration 
4 When treatments were continued for some time after reinnervation, 
the differences between the treated nerves and muscles and their 
untreated contralateral controls were found to be gradually equalized 
At thirty-five days after denervation there was no difference between 
tlie strength of the treated and untreated muscles and only a small dif- 
ference between the weights of the muscles The expenments in which 
the electrical treatments were delayed until after the onset of initial 
reinnervation showed comparatively little benefit from electncal stim- ' 
ulation Thus an evaluation of the effects of electncal stimulation will 
be prejudiced by the time after denervation at which critical measure- 
ments are made 

Thus electncal stimulation by retarding muscular atrophy enables 
the regenerating axons to make functional contacts with larger and 
stronger muscle fibers 

[Ed Note. — From the results of these expenments, it can be inferred 
that daily faradic stimulation of muscles following nerve mjury may be 
indicated up to the time of the complete regeneration of the nerve ] 

Van Harreveld attempted to explain the hypothesis that after 
the removal of part of the innervation of a muscle the remaining motor 
units grow by “adopting” muscle fibers which ongmally belonged to 
the denervated motor units 

A severe paresis is produced in the quadriceps and sartonus muscles 
of rabbits by pulling the sixth lumbar nerve out of the cord The small 
contmgent of motor fibers from the fifth lumbar nerve forms the sole 
remaining motor innervation of these muscles 

Forces which developed in the right and left sartonus and quadnceps 
muscles during stimulation of the fifth lumbar nerve were recorded A 
few months after the removal of the sixth lumbar nerve on one side, it 
was found that the force produced on the side operated on was consider- 

858 Van Harreveld, A Re-Innen ation of Denervated Muscle Fibers by 
Adjacent Functioning Motor Units, Am J Physiol 144 477-493 (Sept) 1945 
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ably larger than on the control side This increase in muscular force 
starts about two weeks after removal of the sixth lumbar nerve It is 
considerable dunng the first few months and has not quite ceased after 
SIX montlis 

No serious or obvious degeneration was usually found in the sar- 
torius two months after removal of the sixth lumbar nerve, even in the 
instances m which this muscle was innervated onginally only to a small 
extent by the fifth lumbar nerve (as indicated by the small forces 
developed on the control side dunng stimulation of the fifth lumbar 
nerve) 

The average surface of the cross section of the muscle fiber in the 
sartonus on the side operated on was larger than on the control side 

He concluded “ the increase in force observed a few months 

after the partial denervation of the sartonus and quadnceps muscles is 
due mainly to an adoption by the motor units belonging to the fifth 
lumbar segment, of muscle fibers innervated onginally by L 6 This 
adoption would be made possible by an increase of the branching of 
the end ramification of the motor fibers of L 5 It is possible that the 
increase in thickness of the muscle fibers is an additional factor m the 
increase of muscle force of the partially denervated muscles ” 

[Ed Note — ^The thought contained m this paper of the jadoption 
of paralyzed muscle fibers by normal and umnyured nerves certainly 
suggests that this idea may be the explanation of some of the return of 
muscular function m infantile paralysis as well as m obstetnc paralysis 
The importance of these observations is so great that the experunents 
should be continued and repeated by others ] 

Gutmann attempted a heteromnervation of muscle with sensory 
nerve fibers by sutunng the sural nerve and the penpheral stump of 
the peroneal nerve m rabbits The effects of denervation were not 
arrested, and the atrophy proceeded even after the sensory nerve had 
entered the muscle Stimulation of the sural nerve did not produce 
contraction 

The sensory nerve cannot make terminal branches or form new end 
plates The endings resemble those in skin at first, being netlike These 
fail to persist and disappear, and then filaments run between muscle 
fibers 

He concluded that only motor fibers are responsible for maintenance 
of "trophic” conditions and that only they are able to arrest and reverse 
atrophic changes of muscle fibers m rabbits 

[Ed Note — ^The negative results of these experiments are impor- 
tant It will certainly clear up the subject in the minds of manj^ physiaans 
* 

859 Gutmann, E Reinnervation of Muscle bj Sensory Nerve Fibers, J Anat 
79 1-8 (Jan) 1945 
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who have thought of the possibility of a sensory nerve functioning as 
a motor nerve ] 

Eisenhauer and Key®®” attempted to determine two things (1) the 
optimum position of fixation of limbs m order to conserve muscle power 
and (2) tlje best method of treatment of muscles paralyzed by loss of 
nerv^e supply They developed a method of recording on a kymograph 
the twitch strength of the gastrocnemius-soleus group of muscles in cats 
as a cnterion of disuse and denervation atrophy 

This method was applied to the study of disuse atrophy After nor- 
mal values were determined, legs were immobilized for six weeks, with the 
muscle group in stretched, relaxed and neutral positions Stimulation 
for eight weeks following removal of the cast showed moderate and 
persistent disuse atrophy in muscles which were stretched, whereas the 
relaxed and neutral groups showed little consistent effect 

Denervated cats also were immobilized in various positions, but the 
study was unsatisfactory because no definite contraction plateau could 
be obtained in response to stimulation However, they suggest that 
denervated muscle atrophies less if left alone than if immobilized They 
believe that the danger of “stretch paralysis” has been overemphasized 
By the same reasoning they believe that the nerve should be repaired 
before the bone is healed when fractures are complicated by peripheral 
nerve injunes 

Riley, McQeary and Johnson,®®* because of the established rela- 
tionship of choline to fat and protein metabolism, were prompted to 
study the effect of choline on atrophy of muscle and bone Their con- 
clusions were 1 Dail}^ parenteral administration of choline chlonde 
had no effect on the course of denervation atrophy of rats 2 Follow- 
ing unilateral section of the brachial plexus, the humerus continued to 
gain m mass, although more slowly than normal 3 The twenty-four 
hour uptake of radioactive phosphorus by bone ash is the same on the basis 
of ash weight in normal and atrophic limbs 4 The phosphorus of tracer 
doses of calcium phosphorylcholine chloride does not enter bone ash 
preferentially over that of inorganic phosphate 

Muscles and Blood Supply — ^Using bromphenol blue as an indica- 
tion of effective vascularization of muscular tissue, Clark and Blom- 

860 Eisenhauer, J , and Key, J A Studies on Muscle Atrophy Method 
of Recording Po\\er in Situ and Observations on Effect of Position of Immobiliza- 
tion on Atrophy of Disuse and Denervation, Arch Surg 51 154-163 (Oct) 1945 

861 Riley, R F , McClearj’-, B , and Johnson, R, E Denervation Atroph> 
of Bone and Muscle Examination of Effect of Choline and Some Further' 
Obseri'ations on Metabolism of Phosphorylcholine and Deposition of P32 in Bone, 
Am J Phjsiol 143 677-686 (May) 1945 
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field studied the results of interrupting the blood supply to muscles 
of rabbits 

The efficiency of intramuscular anastomosis varies m different mus- 
cles The tibialis anticus has two main artenes of supply, and ligature 
of the lower artery leads to devascularizabon of the distal half of the 
muscle with necrosis Partial interruption of intramuscular vascular 
channels results m localized areas of devascularization 

They found that necrotic areas are rapidly replaced by regenerated 
muscle fibers leading to partial reconstitution of muscle 

Expenmental gunshot wounds of thigh muscles m rabbits were 
found to give nse to circumscribed patches of devasculanzed areas 
extending some distance from the path of the missile The importance 
of this observation was mentioned in connection with gunshot wounds 
m human beings 

In studies on regeneration of muscle, Clark found that in the 
rabbit the lower one half or two tliirds of the tibialis anticus can become 
completely reconstituted after undergoing ischemic necrosis 

He believes that regeneration is formed entirely as outgrowths of 
preexisting muscle fibers and not by differentiation of generalized con- 
nective tissue cells 

[Ed Note — The thought expressed in this article as well as the 
preceding one that muscle fibers regenerate themselves as outgrowths 
of preexisting muscle fibers is contrary to present teaching It is gen- 
erally accepted that m higher vertebrates new striated muscle cells 
cannot be formed by the division of preexisting muscle cells and that 
they cannot be formed from other types of cells such as fibroblasts ] 

Blomfield injected radio-opaque substances into the main limb 
vessels of a cadaver Individual muscles and groups of muscles were 
then dissected out, removed and examined roentgenologically Five 
types of vascular patterns were recognized ( 1 ) a longitudinal anas- 
tomotic chain formed by a succession of separated nutrient vessels 
entenng muscle throughout most of its length (soleus and peroneus 
longus) , (2) a longitudinal pattern of vessels denved from a common 
stem and entering one end of the muscle (gastrocnemius) (one would 
expect this to be unusually susceptible to vascular damage) , (3) a 

862 Clark, W E L , and Blomfield, L B Efficiency of Intramuscular 
Anastomoses, with Observations on Regeneration of Derascularized Muscle, J 
Anat 79 15-32 (Jan ) 1945 

863 Clark, W E L Regeneration of Mammalian Striated Muscle, Nature 
London 156 109 (July 28) 1945 

864 Blomfield, L B Intramuscular Vascular Patterns in Man Proc Ro\ 
Soc Med 38 617-618 (Sept ) 1945 
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radiating pattern of collaterals arising from a single vessel entenng the 
middle of the muscle (biceps), (4) a series of anastomotic loops through- 
out the length of the muscle and derived ftom a succession of entenng 
vessels (tibialis anticus, extensor hallucis longus and long flexors of 
the leg), and (5) an open quadrilateral pattern with sparse anastomohc 
connections (extensor hallucis longus) 

A survey of the relative vulnerability of muscles to necrosis and 
clostridial infections as related to vascular pattern is being made A 
preliminary survey is mentioned, and the final survey is forthcoming 

[Ed Note — ^T he observations in this article certainly are most 
important and should aid in the determining of the extent of infection 
as well as necrosis after injury when muscles are involved This should 
be especially true of infection and necrosis in the gastrocnemius muscle ] 

Healing Fractures — Marshak and Byron present a method of 
studying the uptake of radiophosphorus and radiostrontium (radio- 
active tracers) m the healing of uniform bone lesions of rats in vivo 

They used radioactive isotopes of strontium (Sr89) and phosphorus 
(P32) to study the metabolism of these elements in healing bone 
Radiostrontium was used instead of radiocalcium because it behaves 
similarly but is more convenient technically Unifonn lesions were 
made in the tibia of a rat Twenty-four hours before measurements 
were made, the animals were given the radioactive solution (radio- 
phosphorus as sodium acid phosphate or radiostrontium as stronhum 
chloride) mtrapentoneally Both give off beta particles of the same 
energy value, and the radiations were measured by a Geiger-Muller 
counter The counter was shielded by a lead plate ivith an aperture 
2 by 5 mm so as to register beta particles from the wound only The 
counter was checked against a known standard of uranium oxide each 
day before use 

The results were In young animals, the latent period for an 
increased uptake of phosphorus is shorter than m older ammals (two 
compared with four da3's) The maximum uptake of phosphorus and 
strontium occurs on the eighth to tenth day in young rats, as compared 
with a maximum of fifteen days reached in old rats This parallels 
the gross healing of the old and young bones By comparing the ratio 
of uptake of strontium and phosphorus, it is seen that this ratio tends 
to increase later m the healing process (more phosphorus and less 
strontium is taken up in the early stages of healing, as compared with 
the later stages) , it may be possible to utilize this tendency to dif- 
ferentiate between the proliferating and the calcifying stages of bone 
healing 

865 Marshak, A, and Byron, R. L, Jr Method for Studying Healing of 
Bone, J Bone & Joint Surg 27 95-104 (Jan) 1945 
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Copp and Greenberg report studies on rats m which the fibula 
was fractured Twenty-four hours before kilhng they gave radioactive 
strontium and then measured areas with the Geiger-Muller counter 
The calcification activity was determined by the uptake of radioactive 
stronhum by callus and compared with the opposite normal fibula 

The results were as follows 

In normal rats most active calcification was in eight to sixteen days 
The broken bone attains the strength of the opposite m twelve to six- 
teen da>s In vitamin A-deficient rats tlie callus was smaller and cala- 
rats no significant calcification of callus was noted until vitamin D was 
added With rats given toxic doses of vitamin D the callus was small 
and the calafication activity was reduced 

fication ivas less active with a delay m healing of the fracture Large 
doses of vitamin A gave the same results as m normal rats In rachitic 

[Ed Note — The results of these experiments confirm some of our 
present day concepts of vitamin deficiency and bone heahng ] 

Brush gave a senes of rats 0 33 mg of thyroxm and 0 33 mg 
of diethylstdbestrol three times weekly intramuscularly 

Her conclusions were 1 Neither affects the heahng process of 
fractured fibulas, except possibly by slight retardation, irom diethyl- 
stilbestrol more than from thyroxm This is probably nonspeafic 2 
Thyroxm accelerates proliferation, differentiation and resorption of 
cartilage and bone at the tibial epiphysis The width of the cartilage 
disk is reduced, and the number and size of trabeculae below the plate 
decreased The matrix undergoes calcification and regressive changes 
indicative of aging Longitudmal growth remains normal 3 Diethyl- 
stilbestrol mhibits tlie proliferation and resorption of cartilage and bone 
at the tibial epiphysis The subepiphyseal trabeculae are abnormally 
long and heavy and often contain heavy strands of calcified cartilage 
which have failed to undergo resorption The animals are stunted in 
growth This is similar to the effects described by other authors employ- 
ing natural estrogens 

Phosphatase and Osstfieatuyn — Studies on horse and sheep embryos 
regarding the role of phosphatase m ossification of embryonic bone, 
performed by Roche and Mourgue,®®® led to the conclusion that the role 
of phosphatase is not to favor precipitation of tricalaum phosphate by 
the mechanism descnbed by Robison but to permit acaimulation of 

866 Copp, D and Greenberg, D M Studies on Bone Fracture Healing 
Effect of Vitamms A and D, J Nutrition 29 261-267 (Apnl) 1945 

867 Brush, H V Effects of Thyroxin and Sulbestrol on Healing of Frac- 
tures in Rat, Am. J AnaL 76 339-373 (May) 1945 

868 Roche, J , and Mourgue, M Premieres etapes de I’ossification dans les 
os embrvonnaires et role de la phosphatase, Compt rend Acad d sc. 214 809, 
1942 
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phosphonc radicals in the prebony substance, which independent!) 
fixes calcium The formation of tncalcium phosphate then takes place 
only after this first phase of ossification is completed The results also 
suggest that one of the chief functions of the osteoblasts is the secretion 
of enzymes (proteases and phosphatase) participating in formation of 
bone 

Bom Growth and Hornwnes — ^Estrogen and a hormone produced by 
the anterior lobe of the hypophysis accelerate skeletal aging in growing 
animals However, the two hormones accomplish this effect in different 
ways The anterior hypophysial hormone stimulates growth and hastens 
epiphysiodiaphysial union by inducing premature regression and resorp- 
tion of the epiphysial cartilage, estrogen, on tlie other hand, inhibits 
growth and resorption, thus delaying epiphysiodiaphysial union In 
view of these contrasting mechanisms, M and R Silberberg thought 
it of interest to investigate the combined effects of these two hor- 
mones on skeletal development and aging Thirty-two virgin female 
mice 5 to 6 weeks old were given the combined substances Two types 
of controls were used, (1) untreated mice and (2) those given only 
one of the hormones Results were as follows Histologic study of 
the lower part of the femur and upper part of the tibia was performed 
In growing mice the skeletal effects of estrogen can be modified by 
the simultaneous administration of an extract of the anterior lobe of 
the hypophysis The two homiones oppose each other in their action 
on the growth of cartilage, but they cooperate in accelerating the age 
changes in the latter and m the overproduction of bone — anterior hypo- 
physial honnone by stimulating osteoblastic bone formation and estrogen 
by promoting hyalmization of the marrow and by inhibiting the resorp- 
tion of bone (The changes m the bone represent a combination effect 
involving two different mechanisms The antenor hypophysial extract 
stimulated osteoblastic bone formation, the simultaneously injected 
estrogen diminished the osteoblastic activity But this decrease in 
active fonnation of bone was more than compensated for by the lag 
of resorption of the pnmary spicules ) Thus, the two hormones do 
not neutralize each other but each tends to exert its own effect on the 
receptor tissue The skeletal effects of estrogen are direct ones and 
are not mediated by the anterior lobe of the hypophysis 

Plastics m Bone Surgery — ^Blum®‘° performed a series of expen- 
ments on animals in which he inserted absorbable protein plastics and 

869 Silberberg, M , and Silberberg, R Combined Effects of Estrogen and 
Anterior Hjpopbjsial Extract on Skeleton of Grownng Mouse, Arch Path 39 
381-387 (June) 1945 

870 Blum, G Experimental Obseix'ations of Use of Absorbable and Non- 
absorbable Plastics m Bone Surger\ , Proc Ro\ Soc Med 38 169-171 (Feb 1 
1945 
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nonabsorbable, nonprotein plastics in bone and soft tissue These were 
machined into plates, screws, nails, etc 

The protein plastics were made of (1) casein, (2) fibrin, (3) 
casein with plasma, (4) casein with red blood cells and (5) casein 
with whole blood, formalized by emersion m 4 per cent formaldehyde 
These plastics had less strength than metals but about the same strength 
as bone They were found to be completely absorbed in soft tissue 
and bone, had no harmful effects on the tissues and when inserted 
into bone were replaced by bone The rate of absorption of the plastics 
depended on the degree of formahzation, the size of the implant and 
the tissue into which the plastic was implanted 

The following nonprotein plastics were implanted into tlie same 
tissues (1) methyl methacrylate, (2) cellulose acetate, (3) nylon, 
(4) urea fonnaldehyde and (5) phenol formaldehyde These plastics 
were found to have no outstanding advantages over metals The dis- 
advantage was that they were not so strong as metals Many of these 
nonprotein plastics destroyed embryonic tissue cultures, which would 
certainly be another disadvantage to their use Methyl methacrylate 
was one of the nonprotem jllastics which did not destroy embryonic 
tissue cultures 

[Ed Note — These observations appear to be of great value tq 
those considenng the use of plastics in bone surgery The fact that 
embryonic tissue cultures are destroyed by some nonprotem plastics 
should emphasize the need for careful study before using this type of 
plastic m the human body ] 

Vitmnm D and the Mineralization of Bone — Greenberg reports 
a series of experiments on rachitic rats to determine the effect of vita- 
min D He has conclusively shown that vitamin D exerts a direct 
effect on the mineralization of bone in these rachitic animals as well 
as promoting the absorption of calaum from the digestive tract 

Young weaned rats were fed rachitogenic diet (Steenbock-Black) 
for fifteen to tw'^enty days At the end of this period all the rats had 
become rachitic Some of these rachitic rats w'ere now given vitamin 
D m the form of irradiated ergosterol seventy-two hours before the 
administration of radioactive calcium (Ca45) and radioactive stron- 
tium (Sr89) The control rachitic rats were not given the irradiated 
ergosterol before the administration of the radioactive substances 

The results showed that the excreta and skeleton contained the 
bulk of the radioactive substances, the amount m the soft tissue being 

871 Greenberg, D M Studies in Mineral Metabolism ivith Aid of Aruficial 
Radioactive Isotopes Tracer Experiments with Radioactive Calcium and Stron- 
tium on Mechanism of Vitamin D Action in Rachitic Rats, J Biol Chem 157 
99-104 (Jan) 1945 
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negligible In the rats treated with vitamin D about 15 per cent of 
the radioactive calcium and 30 per cent of the radioactive strontium 
passed through the intestinal tract unabsorbed, while in the nontreated 
group 40 per cent of the calcium and 45 per cent of the strontium 
passed through unabsorbed The bones of the rats treated with vita- 
mm D retained a larger proportion of the calcium and strontium than 
the bones of the rats not treated wth vitamin D Furthermore, the 
rats recovenng from the effects of rickets accumulated nearly twice as 
much radioactive calcium and strontium per gram of dr}’’ bone and 
one and one-half times as much radioactive calcium and strontium per 
gram of bone ash as did the rats not recovering from rickets 

[Ed Note — From these observations, it appears that in diseases 
and other conditions showing atrophy of bone vitamin D therapy may 
be indicated if it is desirable either to increase the mineralization or to 
prevent the demineralization of bone ] 



PREFACE 


TN THE preparation of this review of orthopedic surgery for 1945 
the titles of 1,325 articles of orthopedic interest were selected from 
the Quarterly Cumulative Index Medicus for 1945 

The number of articles reviewed and presented in this year’s 
“Progress” is approximately 890 This is a larger number of articles 
tlian that selected for 1944 The increase in the number of articles 
over 1944 is thought to be due to tlie number of reports from the 
general hospitals of the armed services and adequate time for study 
and writing since the return to civilian practice of those men discharged 
from tlie armed services As in the past, each editor has selected the 
articles for his section which he thinks represent the most progress 
and have the greatest scientific interest The chairman of the editonal 
board has reviewed the material prepared for each section and has 
made certain additions and changes which seemed indicated to standard- 
ize the publications 

Because of the delay of the publishing of the Cumulative Index 
Medicus for 1945, the reviews have been slow m being returned to the 
chairman of the editonal board and, as v/as true in the past three years, 
it was found impossible to send the whole “Progress” to the Archives 
at one time This has necessitated a slight change m the order of 
publication of the sections The preface could not be written until 
all sections had been submitted In spite of the difficulties encountered 
in getting repnnts, it is hoped that the quahty of the reviews is up 
to standard and that the publication will prove as valuable to its 
readers as the “Progress” of previous years 

The members of the editorial board wish to thank again those phy- 
sicians not members of the American Academy of Orthopaedic Sur- 
geons who have rendered such valuable assistance in the preparation 
of the material for the various sections 

Special thanks are rendered to Dr J A Toomey, of Qeveland, for 
editing the research portion of the section on “Poliomyelitis” and to 
Dr Robert L Bennett, of Warm Springs, Ga , for editing the physical 
therapy porbon of the secbon on “Poliomyelibs ” 

The following physicians acted as assistants to members of the 
editorial board 

Dr Ghormley Dr Mark B Coventry, Dr Cameron Allen, Dr 
Robert B Elliott, Dr Alfred E Jackson, Dr Einer W Jolinson, 
Dr Jack Paschall and Dr Arnulf R Pils 
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Dr Hauser Dr Robert P Montgomery 

Dr Meyerding Dr Amulf R Pils, Dr Jack Paschall, Dr Einer 
W Johnson, Dr Alfred E Jackson, Dr Robert B Elliott and Dr 
Cameron Allen 

Dr Irwin Dr F Wayne Lee 

Dr R B Raney Dr George A Sotirion 

Dr Shands Dr L E Farr and Dr H Morris 

Dr White and Dr Frankel Dr Bruce J Brewer and Dr John W 
Baluss 

Dr Alan DeForrest Smitli Dr L Miller, Dr Strassburger, Dr J 
Miller, Dr Ralston, Dr Blunden, Dr Knocks, Dr Hollins, Dr Garber, 
Dr Bush and Dr Earp 

Both style and editorial comments have again been left to the discre- 
tion of the editors except for a few changes made by the chairman 
It should be stated again, however, as m the preface of the "Progress” 
of previous years “If the reader or author of any article does not 
agree with the editonal comment, the editorial board hopes that he will 
think of the remark as only one man’s impression and as in no way 
representing the opinion of the entire editonal board or of the Amen- 
can Academy of Orthopaedic Surgeons 

The Editorial Board of the 
“Progress in Orthopedic Surgery” 
Lenox D Baker, M D , Chairman 
R Beverley Raney, M D , Assistant Chairman 


Rufus Alldredge, M D 
Glenn Barber, M,D 
John R Cobb, M D 
John J Fahey, M D 
Charles J Frankel, M D 
Ralph K Ghormlev, MD 
A Bruce Gill, M D 
Walter C Graham, M D 
Emil D Hauser, M D 
Charles E Irwin, M D 
J Hiram Kjte, M D 
John G Kuhns, M D 
Philip Lewin, M D 
By invitation J A Toomey, 


Robert P Montgomery, M D 
Henry W Meyerding, M D 
Toufick Nicola, M D 
Don H O’Donoghue, M D 
Leonard T Peterson, M D 
WiNTHROP M Phelps, M D 
Charles Rountree, M D 
Alfred R Shands Jr , M D 
John A Siegling, M D 
Alan DeForrest Smith, M D 
Walter G Stuck, M D 
J Warren White, M D 
D , and Robert L Bennett, M D 
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upper region of the abdomen, whicli suggests the presence of disease of 
the gallbladder, renal ptosis or intestinal obstruction and tends to mask 
the true condition 

In tlie progressive case the loss of appetite and the pernicious vomit- 
ing result in extreme deltydration, emaciation, gradual exhaustion and 
deatli 

The presence of duodenal regurgitation should be suspected when a 
history is obtained of repeated attacks of nausea and vomiting, which 
are not explainable by the ordmar}’’ causes suggestive of an organic 
lesion in the abdomen 



Fig 1 — Dilated duodenum due to pressure of the mesenter\ where it passes 
o\er the spine. 

A positive diagnosis is made by a careful fluoroscopic examination 
The stomacli is usually large and of the low vertical J-shaped type with 
a highly placed outlet The duodenum is dilated to several times its 
normal size The banum meal will be observed to stop to the right of 
the spine and chum back and forth because of hyperpenstalsis and then 
to regurgitate back into the stomach After a delay of five to ten minutes, 
the banum may be forced over the spine and ma) move along m a nor- 
mal manner The size of the duodenum u ill depend on the duration and 
degree of obstniction 
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In the differential diagnosis the condition will have to be distinguished 
from disease of tlie gallbladder, cysts or tumors of the duodenum, 
anomalies producing kinks or bands resulting in obstruction and ptosis 
of tlie right kidney 

The treatment depends on the degree of obstruction present When 
It IS slight and tlie symptoms come and go, careful medical management 
consisting in regulation of tlie intake of food and rest at mealtime may 



Fig 2 — Roentgenogram showing typical dilated duodenum 


give the desired results The object is to increase tlie weight of the 
patient so as to increase the fat m the abdomen with the hope that 
pressure on the duodenum will be reduced 

When the symptoms of fulness, nausea and vomiting are persistent, 
the patient should be given rest m bed and frequent small feedings of 
nourishing foods Various positions should be tned dunng and after 
meals nith the hope of relieving pressure and aiding in the passage of 

« 
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food over the spine Lying on the left side or on the abdomen may give 
relief The knee-chest position may also be tried and m some cases has 
given good results 

If the patient does not make satisfactory progress m one to two 
months of careful medical management, surgical treatment is indicated 
The accepted surgical treatment is a duodenojejunostomy This 
operation when properly performed will give complete relief In making 
the enteroenterostomy, care should be taken to make tlie opening large 



Fig 3 — Roentgenogram showing marked obstruction at the spine in oblique 
view 

enough so as to enable prompt emptying of tlie distended duodenum 
The duodenum to the right of the spine is located retroperitoneally, 
i\hich means that it is placed deep in the abdomen and requires extra 
dissection to mobilize it enough so that an enterostomy can be done If 
the loop is long the operation is easily performed, but if it is short, it 
becomes a more difficult procedure 

Another surgical operation which can be performed consists m 
posterior gastroenterostomy accompanied with occlusion of the pylorus 
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The latter may be accomplished by tying a heavy silk or cotton tape 
about the outlet, making it tight enough to obstruct the lumen but not 
to produce a necrosis 

In a series of 15 patients, 10 were relieved by gastroenterostomy and 
ligature about the pylorus and 5 by duodenojejunostomy 

My first positive diagnosis of duodenal regurgitation was made in 
1928 for a boy 14 years old who in four months lost half of his weight, 
which decreased from 120 (54 Kg ) to 60 pounds (27 Kg ) He had 
been observed m two other hospitals for one month and dismissed 



Fig 4 — Roentgenogram showing prompt emptying of the duodenum following 
laige duodeno;ejunostoniy 

as having hysterical vomiting vhich uas probably used as an excuse 
for not going to school The patient complained of pam in the right 
upper area of tlie abdomen when attempting to eat, uhich was immedi- 
ately follow ed by vomiting Examination under the fluoroscope show ed 
a distended duodenum, with large penstaltic weaves and regurgitation 
into the stomach It was evident that it was necessary' to get the food 
into the intestines to the left of the spine He w'as not responding to 
rest in bed w ith frequent small feedings 


244 


ARCHIVES OF SURGERY 


The patient had become so dehydrated and emaciated tliat it was 
decided to do the easiest surgical operation possible to short circuit tlie 
duodenum This consisted of doing a gastroenterostomy and producing 
an occlusion of tlie pylorus by tying a heavy double silk ligature about 
the outlet as described previously After the operation, the patient 
stopped vomiting, started to eat promptly and regained his normal 
u'eight in two months 

He returned to school, went through law school and was admitted 
to the bar Reexamination eighteen years later revealed that he never 
has had any return of his gastrointestinal symptoms and has enjoyed 
good health Fluoroscopic examination at this time showed the gastro- 
enterostomy to be functioning satisfactorily It was also observed that 
the pylorus was functioning properlv, with a normal outlet and duodenal 



Fig 5 — Roentgenogram of a patient operated on eighteen years previously 
showing prompt emptying of the stomach through the gastroenterostomy open 
ing and tlie opening of the pylorus, which had been ligated by heavy silk at the 
time the gastroenterostomy was performed 

cap and a normal-sized duodenum There is the question now of what 
happened to the heavy double silk ligature It probably sloughed into 
the bowel and allowed the pylorus to reopen 

A similar surgical procedure was used for 9 other patients, with 
satisfactory results On the last 5 a duodenojejunostomy was performed 
The most recent case (1946) of duodenal regurgitation involved a 
young woman of 25 years of age who lost 30 pounds (13 6 Kg ) m six 
months She complained of recurring attacks of abdominal cramps foi 
the past five years which had become so severe six months previously 
that she had sought relief Roentgenologic examination at that time 
showed hyperperistalsis in the duodenum, but it was not looked on as 
an important finding She was placed on a nutritious diet after a 
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tonsillectomy, ho'wever, her symptoms continued, consisting of cramps 
m the right upper area of the abdomen associated ^vlth nausea and a 
rapid loss of appetite soon after she began to eat Repeated roentgenologic 
examinations showed a pronounced dilatation of the duodenum with 
large peristaltic waves and regurgitation into tire stomach An operation 
was decided on, and a large duodenojejunostomy was performed After 
operation, the patient obtained prompt relief from her former symptoms 
and continued to make an uneventful recovery She was able to return 
to her work after tliree weeks free from all symptoms and gaming in 
weight 

Pnor to 1928, I observed, along with other clinicians 4 cases 
during a penod of fifteen years The true condition was probably never 
recognized, but a lasting impression was left Two of the patients were 
young women witli pernicious vomiting who after years of medical 
management gradually became exhausted and died of malnutrition 

The other 2 patients had similar clinical symptoms of nausea and 
voiruting, but they have survived One had her gallbladder removed, 
with no relief, and a gastroenterostomy was done later, but tlie pylorus 
was not occluded She continued to have symptoms of nausea and 
refused to have further surgical treatment 

Anotlier young woman presented a similar group of symptoms A 
small duodenojejunostomy was done, which did not give complete relief 
Later a gastroenterostomy was performed, but she still complained of 
nausea and occasional vomiting 

These 4 cases impressed me immensely and proved the truth of an 
often repeated saying of tlie late Dr Bertram W Sippy — “If our fore 
sight was as good as our hindsight, many things might have bef 
different ” 

CONCLUSIONS 

Duodenal regurgitation should be suspected m recurring attacks 
nausea and vomiting associated with loss of weight The positive 
diagnosis is made by tlie radiologist on the obsen^ation of a dilated 
duodenum to the right of the spine, with delay of barium passing over 
the spine and with hyperperistalsis and regurgitation of barium back 
into die stomach 

Medical management should first be tried, but if satisfactory" results 
are not obtained m one to two months, surgical treatment should be 
advised 

The surgical treatment of choice is a duodenojejunostomy, m which 
care is taken to make tlie anastomosis large, of 6 to 8 cm in length, so 
as to enable prompt emptying of the dilated duodenum 

An alternative surgical procedure may be used consisting of gastro- 
enterostom\ and occlusion of the pvlorus by ligation vith hea\T silk or 
cotton tape 



RELATIONS OF NERVE ROOTS TO ABNORMALITIES OF 
LUMBAR AND CERVICAL PORTIONS OF THE SPINE 


J JAY KEEGAN, MD 
OMAHA 

'^1 ''HE FINDING of diagnostic areas of sensory reduction, or h}'pal- 
A gesia, with loss of a single nerve root has made possible the 
accurate identification and location of nerve roots in their relation to 
vertebral sequence and abnormality From this study it has been 
found that each nen^e root maintains a constant position in the total 
series of vertebrae, regardless of a variable number of ribs or of transi- 
tional types of vertebrae This observation is of considerable importance 
m the interpretation of nen^e root syndromes in relation to lesions 
of the spine, particularly in tlie localization of posterolateral herniation 
of an intervertebral disk It has made unnecessarj’^ the use of the spmo- 
gram m the great majorit}’’ of typical cases and has -clarified some 
misinterpretations of anatomic and pathologic vanations of the spine 
not related to symptoms of nerve root involvement This paper is 
presented in support of these statements and is based on careful neuro- 
logic observations m a large series of clinical cases with surgically 
verified compression, traction, injection or section of single nerve roots, 
reported in four previous articles ^ The first paper, on the lower 
extremity, was published in 1943, and the accumulated material up to 
recent date is shown m table 1 Of the 1,030 cases of herniation of a 
lumbar intervertebral disk observed with dermatome hypalgesia, the 
location of the lesion of the nen^e root was verified by operation in 588 
The group of cases of lesions of cenucal nen^e roots, 96 in number 
(table 2), is not so large, yet the incidence of such lesions has been 

Read at the fifti -fourth annual meeting of the Western Surgical Association 
at Memphis, Tenn, Dec 7, 1946 

From the Department of Surgery, Service of Neurological Surgery, Univer- 
sitj-- of Nebraska College of Medicine 

1 Keegan, J J (a) Dermatome Hypalgesia Associated with Herniation of 
Inten'^ertebral Disk, Arch Neurol & Psychiat 50 67 (Julj) 1943, (b) Neuro- 
surgical Interpretation of Dermatome Hypalgesia with Herniation of Lumbar 
Inten ertebral Disc, J Bone Joint Surg 26 238 (April) 1944, (c) Diagnosis 
of Herniation of Lumbar Inten ertebral Disks by Neurologic Signs, JAMA 
126 868 (Dec 2) 1944 , (d) Dermatome Hypalgesia with Posterolateral Herniation 
of Lower Cenical Inten ertebral Disc, J Neurosurg 4 115 (klarch) 1947 
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sufficient!)’- high during the past tivo )ears to indicate the commonness 
of this S)’ndrome and to give evidence, in 31 venfied cases, of the 
reliability of identification of the nerve root by dermatome hypalgesia 
Progress m this field of neurologic diagnosis has been retarded too 
long by acceptance of the dictum ® that loss of a single nen’e root produces 
no loss of sensation, by inabihty of other investigators to test carefullv 
enough to detect and outline the definite dermatome area of hypalgesia 
which can be found, and by failure to recognize that discrete postero- 
lateral herniation of the nucleus pulposus of an inten^ertebral disk 


Table 1 — Chnxcal Cases of Dermatome Hypalgesia in the Lower Extremity 
Referable to a Single Nerve Root * 



Dermatome 

Iso of Cases 

Per Cent 

Verified by 
Operation 

Third Innihar 


14 


5 

Fourth lumbar 


95 

62 

29 

ntth lumbar 


3S9 

S7S 

230 

First sacral 


621 

506 

317 

Second sacral 


U 

LI 

7 

Total 


1 030 

100 0 

6SS 


• These data represent cases up to Jan 28, 1P17 


Table 2 — Clinical Cases and Student Injections Showing Dermatome Hypalgesia 
in the Upper Extremity Referable to a Single Nene Root* 


Dermatome 

Cases 

Student 

Injec 

tlons 

Total 

^o 

Opera 

tion 

Locall 
zatlon 
of Lesion 
Verified 

Third cervical dermatome 

7 

0 

7 

1 

1 

Fourth cervical dermatome 

5 

1 

6 

1 

2 

Filth cervical dermatome 

10 

1 

11 

2 

3 

Sbrth cervical dermatome 

lo 

O 

17 

1 

9 

Seventh cervical dermatome 

21 

1 

22 

5 

0 

Eighth cervical dermatome 

IS 

G 

21 

3 

6 

First thoracic dermatome 

12 

2 

14 

2 

4 

Total 

88 

10 

K 

21 

31 


• These data represent cases up to Jan 28 1917 


compresses only one nerve root Degeneration and separation of the 
nucleus pulposus of the disk, mthout extensile degeneration of the 
annulus fibrosus lead to postenor shift of the nucleus within the disk on 
stooping strain (fig 1), iiitli sudden pain or “catch” in tlie back and 
usually ivith no symptoms referable to the nene root at this stage 
If the nucleus breaks through the posterior longitudinal ligament (fig 
2), It usually is to one side of the midline, directh beneath a single 
nerve root as it leaves the dural canal Direct obsenation at operation 
(fig 3) shows only one nene root flattened oier the herniation tumor 
in a position which would make compression possible Nene roots 


2 Foerster, 0 The Dermatcnies m Man Brain 56 1 (Afarch) 1913 
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Fig 1 — Sagittal view of herniating nucleus pulposus of the fifth lumbar inter- 
vertebral disk. Note position of the first sacral nerve root over the elevation of the 
posterior longitudinal ligament 


CUTANEOUS BRANCH 


SACRAL 


^LIOAWENTUM hLAVUM 



Fig 2 — Transverse \ne\v of herniation of the nucleus pulposus of the fifth lumbar 
disk (after Keegan ^t>) Note perforation of the posterior longitudinal ligament 
and compression of the first sacral nerve root. 
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the lateral surface of the ankle or foot, often with a sensation of 
numbness m the little toe With compression of the fifth lumbar root, 
the pain will be more lateral in tlie thigh and calf, radiating to the front 
of the ankle and foot, with a sensation of numbness in the middle toes, 
often including the great toe With compression of the fourth lumbar 
nerve root, the pain will radiate down the lateral aspect of the buttock 



and the anterior surface of the thigh, over the knee cap and do^vn the 
mesial surface of the tibia, also with numbness of the great toe The 
dermatome pattern of hypalgesia for the upper extremity is shown 
in figure 5, and a similar diagnostic implication is possible from the 
patient’s location of radiating pam over the scapula and down the arm, 
with a sensation of numbness in one or more digits Thus, with com- 
pression of the sixth cervical nerv'e root the sensation of numbness iwh 
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be in the thumb, with compression of the seventh cervical nerve root, 
in the index and middle fingers, and with compression of the eighth 
cenncal nerve root, in the little and nng fingers A complete derma- 
tome chart of the human body is presented (fig 6), m which the new 
dermatome patterns of hypalgesia for the upper and the lower extremities 
are added to the generally accepted dermatome pattern for the trunk 
It should be noted that the dermatome areas m this new chart are 
arranged m continuous senal order through the extremities, as m the 
trunk, contrary to the generall)' accepted anatomic teaching,^ that there 



Tig 5 — Dermatome chart of the upper extremity determined by the pattern of 
hypalgesia from loss of a single nerve root (Keegan, page 116) 

IS an outward migration of demiatomic nerve loops and sensor)^ areas in 
development of the limb bud 

Anatomists also teach that there is great variation in distribution 
of the nerv^e roots to the extremities, based on A'ariation in the root 
composition of the limb plexuses of man and on the reduction of pre- 
sacral segments or lumbar ^ertebrae, as m man, partiailarly as com- 

3 Sherrington, C S Experiments in Examination of the Peripheral Distnbu- 
tion of the Fibers of the Postenor Roots of Some Spinal Ncncs, Phil Tr Ro\ 
Soc., London 184 641, 1893 Bolk, L Die SegmentaldiiTercnzimiig des 
■ncnsclilichen Rumpfes und seiner Extremitaten, ^fo^plloI Tahrb 26 91 1898 
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pared wth tlie number in lo^\ er primates and other mammals ■* Cntical 
anahsis of this concept indicates that it is not nell founded (fig 7) 
The only significant difference between man’s fire lumbar spinal 
\ ertebrae and the rhesus monker s ser en lumbar spinal r ertebrae is the 
fusion of tlie monker 's sixth and ser enth lumbar r ertebrae mth the 
sacrum of man, tliere being onlr three sacral r ertebrae m the monker 
The total number of tnentr-nme \ ertebrae to the end ot the sacnini 
IS the same The error has been in use ot the first sacral rertebra 



Fig 6 — Dermatome chart of the human bod\ witli new dermatome patterns ot 
the extremities combined w itli standard dermatome patterns of tlie trunk (Keegan, 
page 124) Note the serial contmmU ot the dermatomes in the extremities, as in 
the trunk 

as an anatomic landmark to identift and compare prcsacral nen e roots 
A more stable primitite vertebra of tlie sacrum ot niaiiinials is the 

4 Keith, A The Extent to \\ hicli tlie Posterior Segments of the Bod\ 
Haee Been Transmuted and Suppressed m the Eeolution of ifan and Allied 
Primates, T Anat 5^ Phjsiol 37 IS, 1902 

5 Hartman, C G and Straus, W L. The Anatonij of the Rhesus !Monkei, 
Baltimore, Wflliams & Wilkins Compan\, 1933 
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t^venty-seventli of the total senes,® or the third sacral segment of man, 
with which the lowermost portion of the ilium rather constantly 
articulates Fusion of vertebrae above or below this primitive first 
sacral segment of mammals commonly occurs to meet mechanical needs 
such as the erect posture of man This should not be expected to change 
the peripheral distnbution of nen^e roots if it is recognized that the 
first and second sacral nen^e roots of man are analogous to the sixth 
and seventh lumbar roots of the monkey and most lower mammals, or 
the twenty-fifth and twenty-sixth of the total series (fig 7) 



Fig 7 — Comparison of the spine and lumbosacral nerve roots of the rhesus 
monkei (modified from Hartman and Straus-’) witli the pattern in that of man 
Note the total number of vertebrae are the same and* that the numencal relation 
of the origin of the nerv e roots to the sacral plexus is the same 

Tins study of the cutaneous distribution of nen e roots to the 
extremities by outlining single nerve root dermatome hvpalgesia, 
with verification by surgical exploration, indicates that there is no 
change of position of the nene roots with the addition or reduction of 
lumbar vertebrae in man if the vertebrae are counted in total numencal 
sequence, and not b} an arbitrarj’ lumbar senes defined bv the quite 
variable first sacral segment or last nb Thus, the commonly identified 

6 Todd, T W Xumcncal Significance oi the Thoracolumbar Vertebrae 
of the klammaln, Amt Rec 24 261 (Dec) 1922 
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fifth lumbar nerve root, ^Mth its charactenstic dermatome h)-palgesia, 
has been found constantly emerging from the spinal canal between the 
tw^enty-fourth and the twenty-fiftli vertebra of the total senes, regardless 
of anatomic variation, and other nen^e roots are found m correspondin'^ 
position in the senes 

This findmg of the constancy of position and cutaneous distnbufaon 
of the nen'e roots in man contradicts the emphasis -which prenoush 
has been placed on the variable root composition of the sacral plexus 
and invalidates interpretation of tins x-anation as indicative of segmental 
evolutionary change The umon of nen^e roots to form a plexus is a 
secondary and fortuitous arrangement to meet limb conformahon in 
different animals This should not be expected to alter nerve root 
distribution if all nen^e roots to the lower extreinih, from the first 
lumbar to the fourth sacral in man, or the second sacral m the monkei 
are mcluded, the combined lumbar and sacral plexuses bemg considered 
as a umt for the extremit)' Thus, xanable inclusion of the third or 
the fourth lumbar neiwe root in one or tlie other plexus is of little sig- 
nificance in ultimate root distribution , likewuse, separation of tlie puden- 
dal nen'e in man, derived from the fourtli sacral nen^e root, m contrast 
to Its inclusion m the sacral plexus of the monkey (fig 7), does not 
alter the ultimate distribution of this nen e, as in both cases it is denved 
from the tw ent}’’-eighth nen^e root of the total senes While there 
may be xunation of a few fibers in nen e root distnbution, as identified 
by Sherrington,' wuth the terms prefixed and postfixed plexuses applied, 
and possibly represented in this study by vanable inclusion of the great 
toe in subjectixe numbness xvitli imolvement of the fifth lumbar nene 
root, this IS not sufficient to alter significantly the dermatome pattern 
of hypalgesia for each nene root 

The somewhat arbitrar)' dmsion of the spine into cerncal, thoracic 
lumbar and sacral xertebrae, based on a xanable number of ribs and 
X anable fusion of vertebrae xxnth tlie sacrum, is confusing in the identifi- 
cation of nene roots Jt would be better to identifj' the xertebrae b\ 
serial number, xvith the corresponding nene root and disk located 
immediately below This would necessitate a special designation for 
tlie nene root xxhich emerges betw'een the skull and the first cerncal 
vertebra as the subocapital nerxe Howexer, since one is rather 
firmly committed to tlie terms cenical, thoracic, lumbar and sacral 
X ertebrae and nene roots, the number in each group should be defined 
and limited to a normal of seven cenical, txvelx e thoraac, fix e lumbar 
and five sacral m man, regardless of a variable number of ribs or ot 
transitional xertebrae at the lumbosacral junction The confusion is 

7 Shemngton, C S Xotes on the Arrangement of Some }iIotor Fibers 
in the Lumbosacral Plexus, J Physiol 13 621, 1892 
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even greater in identifying a nen^e root in relation to herniation of an 
intervertebral disk In the lumbar region the herniation compresses 
the nerve root one segment below the involved disk, not the corresponding 
nerve root, owing to the obliquity of emerging nerve roots at this 
level In the cervical region the nerve roots pass out transversely 
and are compressed by herniation of the corresponding disk , but, owing 
to the identification of eight cervical nerve roots and only six true 
cervical intervertebral disks, the seventh cervical nerve root is obsen^ed 
to be compressed by the fifth cervical disk, and others correspondingly 
Consequently, for clanty in describing this syndrome m the cervical 
region, it is necessarj' to state that the seventh cenical nen^e root is 



Fiff 8 (case 1) — Sacralized fifth lumbar lertebra and rudimentarv twelfth nb, 
determined by total numencal senes Hypalgesia of the left fifth lumbar dermatome 
localized the herniation on the fourth lumbar disk, between the t\\ entj -third and 
the twenty-fourth \ertcbra of the senes, with surgical ^e^ficatlOn 

compressed by the disk between the sixth and the seventh cervical 
vertebra, and others likewise 

A few' clinical cases illustrating the correctness ot these anatomic 
interpretations w'lll be presented, selected from a large number of cases 
w'lth anatomic variations of the lumbar portion of the spine encountered 
m association with the syndrome of posterolateral herniation of the 
nucleus pulposus of an interv'ertebral disk 

Case 1 (fig 8) — The paUent had onlj four lumbar v ertebrac The last pair of 
ribs were rudimentarv and were to be differentiated from articulated transverse 
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Fig 9 (case 2) — Lumbanzed first sacral vertebra and articulated transverse 
process of the first lumbar vertebra, determined by total numerical senes Hypalgesia 
of the left first sacral dermatome localized the herniation on the fifth lumbar disk, 
between the twenty-fourth and the twenty-fifth vertebra of the series, i\ith surgical 
venfication 



Fig 10 (case 3) — Lumbanzed twelfth thoracic vertebra, determined by the 
numencal senes and count of the nbs Hypalgesia of the left 
tome localized the herniation on the fourth lumbar disk, between the twenty- 
and the twentj - fourth i ertebra of the senes, i\nth surgical i erification 




KEEGAN— NERVE ROOTS AND ABNORMALITIES OF SPINE 257 


processes of the first lumbar vertebra by roentgenographic count of the number of 
nbs above Only eleven ribs were found above these rudimentary ribs, hence, 
they represented the twelfth pair of nbs and the vertebra was the twelfth thoracic, 
or the nineteenth of the total senes Five lumbar vertebrae bemg accepted as 
normal for man, the fifth lumbar vertebra, or the twentj -fourth of the senes, was 
completely sacralized , it should be recognized as a lumbar vertebra and not called 
the first sacral vertebra The dermatome hvpalgesia found in this case, with typical 
symptoms of herniation of the disk, was that of the left fifth lumbar nerve root 
Recognizing that this nerve root is constantly compressed by herniation of the 
disk next above its emergence, or the fourth lumbar disk, and that this disk con- 
stantly IS found between the twenty-third and the twenty-fourth vertebra of the 



Fig 11 (case 4) — Lumbanzcd first sacral vertebra, determined bv total numerical 
series Hypalgesia of the nght first sacral dermatome localized the herniation on 
the fifth lumbar disk, between the tw entj -fourth and the twentv-fifth vertebra ot 
the series, with surgical verification 


total senes, surgical exploration was directed to tins site on the left side and the 
herniated nucleus pulposus observed, as indicated, over the last disk on this part 
of the spine 

Case 2 (fig 9) — The spine had, similarlv, four lumbar vertebrae and what 
appeared to be nidinientarv ribs and a sacralized fifth lumbar vertebra However, 
a count of the ribs showed twelve ribs above the rudiincntarv ont^ and hence 
identified the latter as articulated transverse processes of the first lumbar vertebra, 
or the twentieth of the senes, and not the nineteenth as in case 1 A count down- 
ward from this vertebra identified the fifth lumbar vertebra as normal and the 
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transitional vertebra as a lumbanzed first sacral vertebra, not a sacralized fifth 
lumbar, as m case 1 The dermatome hypalgesia found in this case was that of 
the left first sacral nerve root, which would be compressed by herniation of the 
fifth lumbar disk, between the twenty-fourth and the hventy-fifth vertebra of the 
total series Surgical exploration revealed herniation of the nucleus pulposus as 
indicated, m the correct serial anatomic position 

Case 3 (fig 10) — The spine had six normally formed lumbar vertebrae. As 
the patient was of short stature and unlikely to have an extra vertebra in her 
spine, a count of the ribs was made by roentgenogram, showing only eleven nbs. 
Thus, the first free vertebra was identified as the nineteenth of the total senes, or 
the twelth thoracic, regardless of the absence of ribs The lumbar sequence then 
was established and the last lumbar vertebra identified as the fifth lumbar, or 



Fig 12 (case 5) — Lumbanzed first sacral vertebra, determined by total nume 
senes Hypalgesia of the left fifth lumbar dermatome localized the 
the fourth lumbar disk, between the twenty-third and the twenty-fourth vert 
of the series, with surgical venfication 


twenty-fourth vertebra of the series The dermatome hypalgesia in this case was 
that of the left fifth lumbar nerve root, locating the herniation on the left si e o 
the true fourth lumbar disk, between the twenty-third and the twenty -fourth verte ra 
of the total senes, with surgical venfication 

Case 4 (fig 11) — The case was one of hy palgesia of the right first sacra 
dermatome with a lumbanzed first sacral vertebra, locating the causative hemiahon 
on the fifth lumbar disk, between the twenty-fourth and the twenty-fifth vcrtc ra 
of the total senes, verified surgically 

Case S (fig 12) —The case was one of hypalgesia of the left fifth lumbar 
dermatome with lumbanzed first sacral vertebra The causative herniation, o 2 
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Fig 13 (case 6) — Lumbanzed first sacral vertebra, determined by total numerical 
senes Hypalgesia of the left first sacral dermatome localized the herniation on the 
fifth lumbar disk, between the twenty-fourth and the Uventy-fifth vertebra of the 
senes, with surgical venfication Section of the nerve root crossing the disk 
betiicen the twenty-fifth and the twenty-sixth vertebra produced charactenstic 
dermatome hypalgesia' of the second sacral nerve root 
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Fig 14 (case 7) —formal spine nith five lumbar •vertebrae. Dcrmitomc hvpal- 
gesia indicated compression of the left second sacral nerve root Surgical c.\plora- 
tion showed discrete compression of the left second sacral nerve root over a low 
medial herniation of the fifth lumbar disk Note anfenor extension 01 hvpalctsia 
to the pubic region 
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fourth lumbar disk, was observed between the twenty-third and twenh -fourth 
vertebrae of the total senes 

Case 6 (fig 13) — The spine had six lumbar vertebrae, owing to lumbarization 
of the first sacral vertebra. This was not recognized before operation for hernia- 
tion of tlie fifth lumbar disk, which caused pain and hypalgesia of the left first 
sacral dermatome. Exploration of the last disk of this portion of the spine 
revealed no herniation Traction and partial section of the nerve root oierljung 
this disk resulted in added postoperative numbness m the medial gluteal fold, with 
dermatome hypalgesia, identified as referable to the second sacral nerve root The 
herniation causing hypalgesia of the first sacral dermatome was observed on the 



Fig 15 (case 8) — ^Roentgenogram of the lumbar portion of the spine wi 
spondylosis deformans Note that the hyperostosed vertebral borders are relate 
flattened intervertebral disks 


next to the last disk of this portion of the spme, later correctly identified as the fifth 
lumbar disk, between the twenty-fourth and the twenty-fifth vertebra of the tota 


senes 


Case 7 (fig 14) — The case w'as one of a normal spine, with five lum ar 
vertebrae, wuth definite hypalgesia of the left second sacral dermatome and a sM 
sation of numbness in the medial gluteal fold and the labium majus on the left si e. 
Surgpcal exploration showed that tlie left second sacral nerve root was tig it ' 
stretched and flattened over a somewhat mediallj situated, discrete herniation o 
the fifth lumbar disk. The first sacral nerve root was displaced laterally but no 
compressed, and other sacral nerve roots did not appear to be compressed 



KEHG 1\— NERVE ROOTS AND ADNORM iLITIES OT SPI\E 2G1 


Man} more cases of anatomic \anation m the lumbar poition 
of the spine with correct localization of a herniated nucleus pulposus 
by dermatome hypalgesia could be reported, but space does not permit 
It should be emphasized that count of the ribs roentgenographicallv 
must be made \\hen there is any question of a rudimentar} twelfth rib 
or an articulated transverse process of the first lumbar \ertebra or 
a transitional type of vertebra at the lumbosacral junction to identify 
correctly the vertebrae and disks m relation to the nene roots Although 
this method of localization of nene roots in the total \ertebral series 
has been found reliable wdien a definite dermatome pattern of 
hvpalgesia can be found, it must be recognized that a lesser degree of 

narrow 



Fig 16 (case 9) — Liimlnr portion of the spine with irregular, h\perosto<;ed 
^c^tcbral borders surrounding narrowed inten ertebral disks particularh the fourth 
lumbar disk Hypalgesia of the left first sacral dermatome indicated Iiernntion oi 
the normal-appearing fifth lumbar disk, aerified surgicalli 

or intermittent compression of, the nerte root inaj not gi\e a definite 
outline of hjpalgesia In such cases the localization ma} be mis- 
judged and the wrong disk explored the herniation being iisualh 
encountered on the disk next aboae Howcaer, postoiieratnch , after 
traction on the ncr\e root o\cr the hcmiation, a definite correct derma- 
tome pattern of h\palgesia for that ncr\c root with subjcclue sen- 
sation of numbness in the corresponding toes, usualh will be found 
Another source of seeming error in the method is a more lateral or more 
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medial herniation than usual, as illustrated by case 7 (fig 14), iibch 
may compress a nen^e root above or below the usual one over that disk 
Or two nerve roots may be compressed by a wide herniation, leading 
to more extensive hypalgesia and motor loss than usual Careful analysis 
must be made m all cases before, at and after operation, to correlate 
properly symptoms and signs of nerve root involvement w'lth the 
pathologic process present A spmogram may occasionally be indicated 
for further evidence before operation, although, if surgical intervention 
seems warranted for relief of symiptoms, the added exploration of an 
adjommg disk seems preferable to the possible complications and fallacies 
of obtaining the spmogram 



Fig 17 (case 10) — Lumbar portion of the spine rvith irregular, hyperostosed 
tertebral borders around the first and third lumbar intervertebral disks and 
spondylolisthesis of the fifth disk. Hypalgesia of the left fifth lumbar dermatome 
indicated herniation of the normal -appearing fourth lumbar disk, verified surgicallj 

There has been considerable disagreement concerning the signifi- 
cance of anatomic and pathologic abnormalities of the lumbar and the 
cervneal portions of the spine in the causation of symptoms It is not 
intended to present this subject here, rather, I wish to emphasize that 
strictly lateralized pain, particularly tliat which radiates into one but- 
tock, thigh and leg, or over the scapula into the arm, and hypalgesia of 
single nene root distribution are symptoms of an organic lesion of a 
nerve root, and no other interpretation should be given to them The 
pain from an anatomic or pathologic abnormality of the spine, to be 
distinguished from involvement of a nerve root should be located m the 
midline of the back, and interpretation of the need of spinal fusion be 
based on pain in the midline of the back, and not on lateralized nene 
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root pain Many patients with complete herniation of tlie nucleus pul- 
posus of a lumbar intervertebral disk volunteer the information that 
the pain used to be m the back and now is all in one “hip” and leg 
This indicates a remaining stable annulus fibrosus and spine, the 
symptoms at this stage being entirely laterahzed ner\'e root pain 
There would seem to be no indication for spinal fusion in such a case 
regardless of roentgenographic evidence of abnormalities of the spine 
The commonest patliologic abnormality of the lumbar portion of the 
spine seen m roentgenograms is hyperostosis of borders of vertebrae 
around a diffusely degenerated and narrow ed intervertebral disk, 
commonly called spondylosis deformans This pathologic process 



Fig 18 (case 11) — Lumbar portion of the spine with spondjlohsthesis of the 
third disk and narrow, sclerosed fifth disk Hypalgesia of the nght fifUi lumbar 
dermatome indicated herniation of the inters ening normal-appeanng fourth disk, 
\erified surgicallj 

should be desenbed m relation to degenerated disk, caused bs pro- 
trusion of the disk under compression strain due to hens') ssork ssitli 
changes due to bone age in both the disk and the sertebrae This dif- 
fusely degenerated disk protrudes more anteriorly and laterally than 
posteriorly, ss'here nerse roots ss'ould be compressed, hence seldom 
gis'es rise to ners e root pain 

Case 8 (fig 15) — The case presented a tspical InpcrostoMS of the sertebral 
borders around degenerated disks, obsersed mcidentalls m a pselogram in a patient 
s\ ithout ssanptoms retcrable to a ners c root Tlic patient a man aged 62, gas e no 
historj of special trouble with his back except for the usual increasing disabihts 
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with age He had been a stone mason m Minnesota, iiorked on rolling stones or 
glacial boulders and stated proudly that in his day he could lift twice as heaiy a 
stone as other men 

Case 9 (fig 16) — This case presented extensive hyperostosis of vertebral borders, 
witli symptoms of herniation of the nucleus pulposus of the fifth lumbar intervertebral 





Fig 19 (case 12) — Lumbar portion of the spine, showing progressiie ^ 

of the tlurd disk -with bilateral herniation and hypalgesia of the 
dermatome. Later, hjpalgesia of the right fifth lumbar dermatome indicated ne 
tion of the fourth lumbar disk, ^e^fied surgically 
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disk. Of parhcular interest was the completely obliterated and spontaneously fixed 
fourth lumbar disk without symptoms of nerve root involvement The degeneration 
of this disk had passed the stage of acute hermation of the nucleus which tlie man 
presented Dermatome hypalgesia in the distribution of the left first sacral nerve 
root placed the herniation on the more normal-appearing fiftli lumbar disk, the 
diagnosis being verified and the condition relieved by operation 

Case 10 (fig 17) — ^The lumbar portion of the spme presented prominent h\-per- 
ostosis of the upper vertebrae and first degree spondylolisthesis at the fifth lumbar 
disk, Hypalgesia of the left fifth lumbar dermatome indicated herniation of the 
nucleus of the normal-appearing fourth lumbar disk, the diagnosis being verified 
and the condition relieved by operation 

Case 11 (fig 18) — The spine showed spondylolisthesis at the third lumbar 
intervertebral disk and a narrow, sclerosed fifth lumbar disk The dermatome 
hypalgesia indicated compression of the right fifth lumbar nerve root bv herniation 
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Fig 20 (case 13) — Cervical portion of the spine with obliterated disk between 
the fifth and the sixth vertebra Hipalgcsia of tlic seventh cervical dermatome 
indicated herniation of tlie normal-appearing disk between the sixth ard the 
seventh ^ertebra, ^crIfied surgicall> Operatne traction on the sixth cervicil ncr.L 
root produced added dermatome hypTlgcsia of this root 


of the normal-appearing fourth lumbar disk, the diagnosis being aerified and the 
condition relieved bj operation 

Case 12 (fig 19) — A rather complicated sequence of multiple herniations ot 
intervertebral disks and diagnostic dermatome hvpalgesia developed over a period 
of four jears Pam radiating down the anterior surface of the nght thigh and 
hvpalgesia in the distribution of the fourth lumbar nerve root in 1941, with spino- 
grani and operation, verified the herniation of the third lumbar disk on the nght 
side In the following vear, 1942, similar pain and hvpalgesia on the left side, vvitli 
appreciable narrowing of the third lumbar disk, indicated left-sided herniation oi 
this disk, verified surgicallv Three vears later pain again developed in the nght 
leg, but this time it was located more laKrallv than antenorh and the dermatome 
hjpalgcsia indicated compression of the fifth lumbar nerve root The old third 
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lumbar disk was further narrowed Without regard for the new neurologic signs 
the third lumbar disk was reexplored, without encountering further herniation. 
Exploration of the fourth lumbar disk disclosed a discrete herniation of the nucleus, 
compressing the right fifth lumbar nerve root, as indicated by the dermatome 
hypalgesia 



Fig 21 (case 13) — Photograph of area of famtly reduced pain sensation, or 
hypalgesia, outlined for the seventh and sixth cervical nerve roots 
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Fig 22 (case 14) — Cervical portion of the spine with narrow, sclerosed dis 
between the sixth and the seventh vertebra Hypalgesia of the left eighth 
dermatome indicated herniation of the disk between the seventh cervical ana t 
first thoracic vertebra, verified surgically 


In the lower cervical region, narrowing of intervertebral disks 
and surrounding hyperostosis of vertebral borders are observed com- 
monly in roentgenograms, without nerve root s)'mptoms, even when 
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oblique views may show the hyperostosis encroaching on the inter- 
vertebral canal However, compression syndromes referable to a single 
nerve root do occur in this region and can be as well defined by 
dermatome hypalgesia as m the lumbar region Time cannot be taken 
to discuss this syndrome but it again should be emphasized that the 
presence of pain and dermatone h3q)algesia over the scapula, arm and 
hand referable to a single nerve root necessitates interpretation of a 
lesion of that nerve root, regardless of roentgenographic evidence of 
lesions elsewhere in the cervical portion of the spine Two illustrations 
of pathologic involvement of the cervical portion of tlie spine, ivith 
findings referable to the nerve roots, are presented 

Case 13 (figs 20 and 21) — Severe pain and dermatome hypalgesia occurred in 
the distnbution of the left seventh cervical nerve root Roentgenograms of the 



Fig 23 (case 14) — Photograph of area of faintly reduced pain sensation, or 
hypalgesia, outlined for the left eighth cervical ncr\e root, showing atrophy of the 
intrinsic muscles of hand 

cervical region of the spine showed complete obliteration of the disk between the 
fifth and the sixth cervical vertebra, a lesion which would not in\ohe the sc\cnth 
cervical nerve root Operation demonstrated the hemiauon of the nucleus at tlie 
proper anatomic site, between the sixth and the scicnth icrtebm The sixth 
cervical none root was explored, and traction on it produced an increased sensauon 
of numbness in the thumb and h>-palgesia characteristic of the distribution of this 
root, with transient extensile motor impairment from loss of function of two none 
roots 

Case 14 (figs 22 and 23) — ^The patient presented pain and hj-palgesia ti-pical 
of compression of the left eighth cenical nerve root, with motor loss in the intrinsic 
muscles of the hand Roentgenograms showed a narrow, sderosed disk between the 
sixth and the seventh cervical vertebra, a lesion which would not involve the eighth 
cervical nerve root Operation demonstrated a herniation of the nucleus at the 
proper anatomic site, between the seventh cervical and the first thoracic verteb-a 
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with no herniation over the sclerosed disk above The pain and motor loss were 
relieved by release of the nerve root, some hypalgesia persisting 

SUMMARY 

The finding of diagnostic areas of sensory reduction, or hypalgesia, 
with loss of a single nerve root has made possible the accurate identi- 
fication and location of nerve roots in their relation to vertebral sequence 
and abnormality 

Progress in this field of neurologic diagnosis has been retarded by 
acceptance of the dictum that loss of a single nerve root produces no 
loss of sensation, by failure to test accurately for this loss of sensation 
and by lack of recognition that posterolateral herniation of the nucleus 
pulposus of an intervertebral disk commonly compresses only one nerve 
root 

New dermatome charts for the lower and the upper extremities have 
been combined with the standard dermatomes of tlie trunk to furnish 
a new dermatome chart of tlie human body, which should be useful m 
neurologic diagnosis and anatomic teaching 

An accurate history of distnbution of pain in cases of compression 
of a single nerve root by posterolateral herniation of an intervertebral 
disk often suffices to indicate tlie nerve root involved if this new 
dermatome chart is used for interpretation 

Anatomic teaching that there is an outward migration of denna- 
tomic nerve loops and sensory areas in development of the limb bud, 
and that there are great variation and forward transmutation and 
suppression of vertebral and nerve segments in the human spine as 
compared with tliat of tlie lower pnmates is not supported by tlie evidence 
presented 

This study indicates that there is no change of position of the nerve 
roots with addition or reduction of lumbar vertebrae in man if tlie 
vertebrae are coupted in total numerical sequence, and not by an arbi- 
trary lumbar senes defined by a quite variable first sacral segment and 
last rib 

The nerve roots and plexuses to an extremity should be considered 
as a unit which includes all nerve roots to that extremity, such as the 
first lumbar to the fourth sacral nerve root to the lower extremity m 
man Separation or fusion into plexuses is a secondary arrangement 
which does not alter the ultimate root distribution to the skin 

The sacrum of lower primates is composed of three segments, 
the twenty-seventh, twenty-eighth and twenty-ninth vertebrae of the total 
senes Addition or fusion of vertebrae above these segments to meet 
postural needs does not alter the segmental distribution of nen'C roots 
in the total series 



KEEGAN— NERVE ROOTS AND ABNORMALITIES OF SPINE 269 

The terminology of the human vertebrae, intervertebral disks and 
nerve roots is confusing, particularly m descnbing compression of a 
nerve root by hermation of an intervertebral disk It would be simpler 
and more accurate to identify the vertebrae by means of a total numencal 
senes, with the corresponding disk and nerve root immediately below 
Abnormalities of the lumbar or the cervical portion of die spine 
seen in roentgenograms should be interpreted independently of definitely 
lateralized pain and hypalgesia referable to nen^e roots, as the latter 
IS more accurate in localizing compression of the nerve root by postero- 
lateral herniation of the nucleus pulposus of an intervertebral disk 
The important fundamental significance of this new delineation and 
interpretation of the cutaneous distribution of the segmental nerve roots 
in the extremities of man has not yet been recognized fully by neurol- 
ogists and anatomists, but the number of cases on which it is based 
and its demonstrated dependabilitj' in neurologic diagnosis indicate 
that it will be generally accepted in tune 
1527 Medical Arts Building 


DISCUSSION 

Dr. Robert D Schrock, Omaha (read by Dr Kellogg Speed, Chicago) 
This excellent presentation by Dr Keegan is limited to the diagnostic aspects 
of a condition producing pain in the lower part of tlie back and the lower extrcmitj 
For years a problem has been presented in disabilities concerned with the lower 
part of the back, evidenced clinically by a list of the trunk or scoliosis and ref- 
erence of pain to the sciatic nene Textbooks use the term scntic scoliosis for 
this syndrome In tlie past ten jears, a certain group of patients with this dis- 
ability has been segregated by more detailed study, and it has been demonstrated 
that the so-called sciatica can be furtlier divided according to the component parts 
of the nerve or the individual ncr\e roots In other words, detailed study has 
personalized the components of the sciatic nene, so that in this group of patients 
it can be stated that the pain is due to irritation of one of the nene roots of tlie 
sciatic nerve Dr Keegan has demonstrated a simple, and in mj experience a 
dependable, method for localization of lesions of the indiiadual ncr\e root through 
changes in its •sensorj distribution 

This localization does not correspond with the older conception of tlie absence 
or indifimtc localization of sensory signs with lesions of a single nerve root 
It IS difficult to cast aside ideas rccciacd in the formatue a cars and regarded as 
true because thej represented tlie best information then aaailable Dr Keegan 
has demonstrated definite areas of reduction of cpicntic sensation from loss of 
function of an indiaidual iicrv'c root in the extremities, and from this he presents 
a new dermatome chart 

It has been nn pnailagc to watch closeh the development of these deniiatonic 
patterns and to check personalia witli Dr Keegan nn findings again't his own 
and It IS pleasing to note the high frcqiicnc) of agreement as to localization Our 
lack of agreement is coming closer to explanation as Dr Keegan clarifies the 
problem b\ his consideration of the total numerical senes of vertebrae rather 
than the age-old classification of cervical dorsal, lumbar, sacral and coccvgeal 
vertebrae He has given tlirough illustrative cases an answer to a que'tioa fre- 
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quently regarded as of no importance The quesfaon is whether in certain cases of 
congenital malformations at the lumbosacral level an individual vertebra is lumbar 
or sacral It has been the common fault to employ tlie loose designation of 
lumbarized first sacral or a sacralized fifth lumbar vertebra for such an abnormal 
vertebra, depending on the major characteristics of the individual vertebra Dr 
Keegan shows the importance of exact identification for determmation of the position 
of the involved nerve root 

This paper, based on analysis of over 1,000 cases of disabilities of the lower 
part of the back with unilateral signs of nerve root involvement, in only 57 per 
cent of which there have been operative attacks, indicates Dr Keegan’s con- 
servatism The discussion could reasonably have been made to cover the entire 
problem of pain m the lower part of the back, but the presentation was based 
entirely on the diagnosis of disability of the lower part of the back with 
lateralized pain 

Dr Keegan, m our almost daily discussions, sometimes developing into stimulat- 
ing arguments, does not claim, as have some neurosurgeons, that all disabilities 
of the lower part of the back are due to herniation of the nucleus pulposus of an 
intervertebral disk He presents a dependable technic for evaluation and accurate 
localization of compression of nerve roots in certain types of disability of the 
lower part of the back with pam radiating into one lower extremity In my experi- 
ence, the technic is simple and accurate 
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extradural space, or tliere was a definite bulging of the disk into the 
spinal canal, and when the annulus fibrosus was opened the nuclear 
material mushroomed sponstaneously into the epidural space Of the 
80 pathologic disks, 51 were definitely protruding but had not completely 
ruptured through tlie annulus fibrosus, and 29 had ruptured completeh 
through the annulus fibrosus, the nuclear matenal lying free in the 
epidural space In 10 of tlie total series of 90 cases, neither of these 
two cntena was fulfilled, for this reason, the findings at operation in 
these cases were considered negative These criteria for pathologic disk 
are, perhaps, more rigid than those set up by most surgeons, A\hen, 
however, either condition is present, every^ one familiar with such lesions 
would agree that the disk is pathologic On the other hand, the terms 
“concealed disk” and “protruded disk” are used by some surgeons to 
designate the condition of disks which they consider abnormal Whether 
a disk so designated is abnormal is questionable , certainly, there is much 
room for personal interpretation and speculation on the part of the 
surgeon who is faced with the choice of an exploration wthout results 
or the consolation of a diagnosis of a pathologic disk of this indefinite 
type Because of vanations in structure of the disk, it is difficult, if not 
impossible, to determine at operation whetlier a disk is abnormal merely 
by Its consistency It is true that the herniated disk has a typical bulging 
appearance and a soft, boggy^ consistency , but these signs are open to so 
much individual interpretation that their acceptance alone as evidence 
of a pathologic disk may be quite inexact and, therefore, eraluation of 
results in cases of this type would be correspondingly misleading 
Analysis of the results obtained in these 80 cases of definite lesions of 
tlie disk would indicate that operation is followed by^ satisfactory^ relief 
when a lesion of the disk is removed and that spinal fusion does not 
improve the result It has been unnecessary to perform a second opera- 
tion to cut sensory roots or to free adhesions or to carry out any other 
procedure for relief of continued pain m any of these cases, except 1 m 
which spinal fusion was later performed 

In all 80 cases the abnormal disk was observed in the last two lumbar 
or in the lumbosacral interspace In 6 cases the lesion was in the inter- 
space between the third and the fourth lumbar vertebra, in 28 cases 
(35 per cent), in the interspace between tlie fourth and tlie fiftli lumbar 
vertebra, and in 46 cases (58 per cent) in the lumbosacral interspace 
This distribution follows closely the experience of other investigators 

1 This period was chosen because the results for all patients operated on pno*' 
to Aug 1, 1942 haie prenously been reported by Pejdon and Lenn® 

2 (o) Smith, A D , Deery, E M , and Hagman, G L Herniation of the 
Nucleus Pulposus A Studj of One Hundred Cases Treated by Operation, J Bone 
& Joint Surg 26 821, 1944 (6) Verbruggen, A H Herniated Nucleus Pulposus 

(Footnote conttnued on next Page) 
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The disease was found to be much more common m men (60 cases) 
than m women (20 cases) The age incidence of the patients vaned 
from 20 to 60 years, with the maximum number of patients in the 36 
to 45 age group These findings are similar to those reported by Brad- 
ford and Spurlmg"*^ No significant correlation could be found betu^een 
the age of the patients and the interspace involved by the pathologic disk 
The symptoms and signs presented by the patients were analyzed m 
an attempt to demonstrate any significant difference m relation to the 
interspace involved Abnormal reflexes were found to vary to some 
extent, depending on the interspace, but otherwise no significant corre- 
lation could be made between symptoms or signs and the interspace 
involved 

Table 1 shows the incidence of reflex changes found in these cases 
As would be expected, the achilles reflex, the arc of which is chiefly in 
the first sacral root, was diminished or absent m a significantly greater 


Table 1 — Changes in Reflexes in Relation to Interspace Involved 
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percentage of cases of herniated disk at the fiftli than at the fourth 
lumbar interspace However, in 5 of the 6 cases m ^\hlch the lesion 
V as at the third lumbar interspace the achilles reflex ^\ as also diminished 
or absent, but in this group were 2 cases in which the lesions were so 
large that they produced paraplegia This tendency of hernations of the 
disk at the third lumbar interspace to be massne may explain the higii 
incidence of abnormal achilles reflexes associated w'lth this group It is 
surprising to find that tlie quadriceps reflex w'as recorded as decreased 
m 1 1 cases wuth lesions at the fifth lumbar interspace, since the arc of this 
reflex IS generally accepted as m the second, third and fourth lumbar 
segments These reflexes were tested m all cases b\ experienced 
examiners so we feel that the findings are reliable It is possible tint 
the reflex m these cases was onh apparenth diminished, owing to a 
protectue muscle spasm as a result of pain 

A Report of ScicntN-Fnc Ca<;cs Examined and Operated Di*; \crv S\‘;tcni4 16' 
19-13 (e) Bradford E K and Spurhntr R G The Intcrvcrttbral Dnc, a\ith 

Special Reference to Rupture of the ■\nnulu‘: Eihrotiis \ ilh Herniation ri lit 
Xnclciie Piilpo^ue Spnnefield III Cliarlce C Tliomae Puhli'hcr l'^-t5 
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Two patients were admitted to the hospital with paraplegia It is 
remarkable that both these patients had a lesion of the disk at the third 
lumbar interspace, where only 6 (7 per cent) of the lesions occurred 
This expenence with lesions at the third interspace producing paralysis, 
together with other reports in the literature, is indicative of a tendencj' 
of massive herniations to occur in this interspace In 2 cases of 
hermated disk with paraplegia reported by Vons ® the herniations vere 
at the third lumbar interspace Verbruggen * reported 8 cases of massive 
extrusion of an intervertebral disk venfied at operation In 2 of these 
cases the lesion was at the third lumbar interspace 

That the return of function after operation in cases ivith sereve 
compression of the cauda eqmna is unsatisfactory was shown by the 
report of Verbruggen ^ Of the 8 cases in which he operated, the results 
were excellent m 1, good m 1, and fair in the other 6 In all the last 6 
cases there was residual weakness, anesthesia or loss of sphmcter control 
of varying seventy Vons,® on the other hand, reported that the 
symptoms were relieved by removal of the lesion of the disk Our 
expenence with 2 cases has been similar to that of Verbruggen In both 
cases residual weakness and sensory changes of severe degree were 
present, and in 1 case severe impairment of the urinary sphincter 
persisted 

The pathologic group was compared "with the nonpathologic group 
for significant difference in symptoms and signs The incidence of 
typical symptoms and physical findings was somewhat less constant in 
those cases of the nonpathologic group, but almost every so-called typical 
symptom and finding of a lesion of the disk was present, in one or 
another of the cases in which no lesion was seen at operation, and some- 
times several were present m a single case When these differences in 
symptoms and signs are subjected to statistical analysis for significant 
differences, it is found tliat only the incidence of a history of exacerba- 
tions and remissions, incapacity for work and tenderness of the saatic 
nerve were significantly different, being higher in the pathologic group 

Of the 80 cases in which pathologic disks were proved to have been 
present, an unequivocal history of trauma was given in 63 (79 per cent) 
This IS a higher incidence of trauma than has been reported by other 
'authors ® and is also higher than that in the previous senes of cases of 

3 Vons, H C Sudden Extrusion of an Intervertebral Disc, Dis N^rv 
System 6 80, 1945 

4 Verbruggen, A H Massive Extrusions of the Lumbar Interi ertebral Discs, 
Surg , Gynec. & Obst 81 269, 1945 

5 The data were tested by Fisher’s “exact” test 

6 Spurhng, R G , and Thompson, T C Notes on the Diagnosis of Hem- 
ated Nucleus Pulposus in the Lower Lumbar Region, Surgery 15 387, 1944 \ er- 
bruggen Bradford and Spurhng 
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herniated disk reported from this clinic.'^ Of the 10 cases m which no 
lesion was observed at operation, a definite history of trauma precipitat- 
ing the illness was present in 6 (60 per cent) 

The onset of symptoms ^vas acute in the majority of tlie cases This 
was true of both the cases with and the cases without pathologic disk 
The duration of symptoms varied from one month (in a case of para- 
plegia) to twenty years There was no significant difference bet\\ een tlie 
pathologic and the nonpathologic groups as to duration of the symptoms 

All the patients m both groups complained of pain in the back Sciatic 
pain was present m 89 cases Only 1 man, in whom a pathologic disk 
was found, had not had pain m the distribution of the sciatic nen^e Pam 
was aggravated by coughing, sneezing or straining in 65 (81 per cent) 
of the cases in which a pathologic disk existed and in 6 (60 per cent) of 
the cases m which exploration revealed no lesion of the disk In 69 (86 
per cent) of the cases of pathologic disk there were histones of exacerba- 
tions and remissions of symptoms, while in 4 (40 per cent) of the cases 
of nonpathologic disk a similar history was obtained 

In 70 cases (87 per cent) of the pathologic group there w'as a history 
of complete incapaaty for work for at least one w'eek In most cases, of 
course, capacity for work was impaired for a much longer period 
Incapacity for work was also found in 5 (50 per cent) of the non- 
pathologic cases 

Scoliosis was observed in approximately one third of the case^ in 
both the pathologic and the nonpathologic group There may be a list 
to the side of the lesion or to the opposite side A list to the side opposite 
the lesion W'eis about twice as frequent as a list to the side of the lesion 
Spasm of the paravertebral muscles w'as noted in 36 cases (45 per cent) 
of the pathologic group and m 4 cases (40 per cent) of the nonpathologic 
group In 45 cases (56 per cent) of the abnormal group, tenderness was 
maximal over the involved interspace, and m another 20 cases (25 per 
cent) tenderness was present but was maximal over an unimohed intcr- 
group In 45 cases (56 per cent) of the abnormal group, tenderness was 
present over an interspace Tendcnicss o^cr the sciatic nerve was noted 
m 35 cases (44 per cent) of the pathologic group and m 4 cases (40 per 
cent) of the nonpathologic group Pam resulting from manciners 
which stretch the sciatic nerve was present in 75 cases (94 per cent) of 
the pathologic group and m 5 cases (50 per cent) of the nonpathologic 
group In 14 cases (17 per cent) of the pathologic group stretching of 
the scatic nerv-e on the uninv ol\ cd side produced pain m the leg on the 
imoKed side This observation was not made m anv of the cases m 
w Inch later exploration rev ealed no lesion eakness and atrophv of the 
muscles of the leg were seen in onlv a small number of cases, Inii no 

7 Pevton, \V T and Levan T D Po^tenor Herniation of the Irtenerlcb'ail 
Disc \n Analvsis of Sixti-Pnc Case®, Minnesota Med 27 263, 
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definite conclusions can be drawn regarding these findings because of the 
incompleteness of the records concerning tins sign Significant sensor}’ 
changes were found in 38 cases (47 per cent) of pathologic disk and 
in 3 cases (30 per cent) of normal disk This is a lower incidence of 
sensor}’ disturbances than has commonly been reported to occur in this 
disease ^ 

Three of the 90 operations were reoperations for lesion of a disk in 
cases m which a pathologic disk had been removed previously In all 3 
operations a second patliologic disk was encountered In 1 case the recur- 
rence ivas at the same interspace, and in the other 2 cases a different 
interspace was involved This mcidence of involvement of a second inter- 
space IS so much greater than the mcidence of lesions of the disk in the 
general population that it suggests that some degenerative change may 
be present m the inten’ertebral disks of certain people as the underlymg 
cause of herniation of the nucleus pulposus 

A spinal fusion was performed in 1 case one year after the removal of 
a pathologic disk This was done m an attempt to reheve the pain in 
the back, which had not completely disappeared on removal of the disk 
The fusion did not change the severity of this pain Dunng the penod 
under consideration, no other reoperations were performed — for section 
of sensory roots, spinal fusion or any other procedure for the relief of 
continued pain 

Routine anteroposterior and lateral roentgenograms of the lumbo- 
sacral portion of the spine were taken before operation and revealed that 
in 7 of the 90 cases tliere existed varying degrees of lumbanzation of the 
first sacral vertebra, in 1, spondylolisthesis, and in 1, spina bifida occulta 
This is a smaller inadence of these abnormalities than was recorded by 
Breck, Hillsman and Basom ® in their review of 450 routine lumbosacral 
roentgenographic examinations on work applicants This fact is of 
significance, since Deery ® stated that preexisting instability of the back 
predisposes the patient to herniation of an mten’ertebral disk. This 
analysis of 90 cases would mdicate that bony abnormalities evident on 
roentgenographic examination, which are thought to produce instability, 
are not predisposing causes of hemation of an intervertebral disk 

Narroiving of the interspace involved by the pathologic disk ivas 
observed in roentgenograms in 16 cases, but such narrowing was also 
found in an interspace other than the one involved in 8 cases Narroiving 
of the interspace was also observed in 3 cases in which no lesion of the 
disk was seen at operation 

8 Breck, L W , Hillsman, J W , and Basom, U C Lumbosacral Roentgeno- 
grams of Four Hundred and Fifty Consecutive Applicants for Heavj Work, Ann. 
Surg 120 88, 1944 

9 Deery, E M Herniation of the Nucleus Pulposus as a ConipIicaUon o 
Preexisting Low Back Instability, Surg , Gynec. & Obst 77 79, 1943. 
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There has been expressed m tlie literature a considerable difference 
of opinion concerning the importance of myelography as a diagnostic 
aid m this disease, and there is also variable opinion as to the tjpe of 
contrast medium to be used if myelographic examination is made Love 
recommended the use of air myelograms in all cases Verbruggen 
expressed the belief that the use of myelographj' is un\\arranted 
Key “ stated that the myelographic procedure is no more accurate than 
a good physical examination In this clinic air myelography vas dis- 
carded m 1941 because it was felt that the interpretation of air Tnyelo- 
grams was unreliable Since that time, myelographic studies \\ith 
iodized poppyseed oil 40 per cent or “pantopaque” (a mixture of ethyl 
esters of isomeric lodophenyl undecylic acids) has been used in selected 
cases Many patients present such classic symptoms and signs that 
myelographic study is considered unnecessary, since an operation would 
be performed even if the myelograms showed no lesion In other cases 
in which the findings are less definite, mjelographic examination is 
carried out because the decision as to whether or not an operation 
should be performed may depend on the additional evidence obtained 
from the findings Myelograms were made in 46 of the 90 cases 
A correct roentgenologic diagnosis was made in 41 cases In 3 cases 
a positive diagnosis of a lesion of the disk was made on roentgenologic 
examination but subsequent operation showed no such lesion In 1 
of these cases, how'ever, there w'as to account for the defect a definite 
bony projection, w'hich probably w'as an old ruptured and calcified 
disk Since this, however, did not satisfy our criteria of a pathologic 
disk, the myelographic diagnosis is here recorded to be in error, but 
the reverse is probably true In 1 case the iiij elographic e\idence 
W'as negative, but subsequent operation (w'lthm tw'o weeks) pro\ed 
that a large pathologic disk was present In the fifth, and final of 
the cases in w'liich the rocntgenographic diagnosis was incorrect, the 
iodized popp) seed oil was injected into the ciibdural space an occi- 
sional fault in technic w Inch makes interpretation of the roentgenograms 
impossible There were, therefore, two false positue and one false 
negative mjelogram’- 

In 1 of the 90 cases the hgamentum fla\um was found to be defimteU 
abnonnal Ihcrc was degeneration of the ligament Its central portion 
was replaced by caseous material, so tint when it was fir-^t exj^osed and 

10 l.o\c, J G The DifTcrcnlnl Dnpnow"; ot Iiilnspiral Tvmior'; and Pro 
tnidcil Inlcrvcrkbnl Di'cs and Their Stirpjcal Tmimcnl 1 \<.uro<urp I 27^ 
1944 

11 Ke\, J \ The Coiwerxnlni. and Opcrainc Triainunl oi Lcoins o{ tlif 
lnlcr%ertehral Discs in tlie I o\\ Back Surpirv 17 2<)I, l^dS 

12 Ml nnclopraphic studies were iKrfomied and intfrjircicil h\ Dr II O Pear- 
son o{ the dipartincnt ol rocntpinolops 
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mased it appeared to contain a small dermoid cyst Assoaated with 
this abnormal ligament was a pathologic lesion of the disk 

The surgical procedure employed at this clmic is similar to that m 
general use except that m all cases in which operation was done after 
March 1944 a spinal fusion was performed, using a Gibson^® fype of 
dovetailed bone graft (figure) At first these grafts were obtained 



Spinal fusion with the Gibson type of bone graft 


from the tibia, but later they were taken from the creSt of the ihum 
With the spme flexed to separate the spinous processes, the graft is 
wedged tightly between the spines at the site of the involved disk On 

13 Gibson, A A Modified Technique for Spuial Fusion, Surg , Gynec. & Obst 
53 365, 1931 
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return from the flexed position, the graft becomes solidly wedged 
between the spmous processes Bone grafts of this type were used m 
45 cases in which a lesion was observed on exploration and 2 m wfliich 
no lesion vas encountered 

Eostoperative complications were not frequent Death due to pul- 
monar}’- embolism occurred in 1 case and wound infections, in 2 cases 
In 1 of the cases, with a massive compression of the cauda equina, 
urinar}' incontinence was present before operation, and this has remained 
as one of the most distressing symptoms In 2 other cases there was 
temporary loss of control of the urinary sphincter, but in both cases this 
cleared completely before the patients’ discharge from the hospital, three 
weeks after operation 

Grant,^^ m a survey of the postoperative results in 150 cases, found 
the patient at work with no pain in 52 per cent, working but with some 
disability in 37 per cent and not working mil per cent Shinners and 
Hamby,^“ m a follow-up study, found that 54 per cent of their patients 
had some residual pain m the leg and 57 per cent had pain when m ork- 
ing Verbruggen**’ classified his results in 75 cases as excellent (15 per 
cent), good (68 per cent), fair (11 per cent) and poor (6 per cent) 

We have been able to follow 79 of the 90 patients m the outpatient 
clinic for a period of at least six months after operation, the aieragc 
period for mIucIi these patients uere followed being slightly over 
eighteen months Only patients who vcre seen and examined arc 
included in this analysis, for we find that many vho claim on casual con- 
versation that they have no symptoms admit on careful cross examination 
that some sinnptoms are present Table 2 is a recording of the results 
for the patients thus followed Not all findings recorded in these 
follow-up examinations arc included in table 2 Each patient was also 
examined for pain on stretching the sciatic ncnc, parar ertebral muscle 
spasm, para\ ertebral tenderness, atrophj of the invohcd leg and reflex 
changes, but the results arc not tabulated because they did not seem to 
add an} tiling significant to evaluation of the functional result The 
results in the cases in which bone grafts were made after remoral of a 
pathologic disk (45 cases) and those in which no graft was made (35 
cases) were recorded separateh in table 2 so that the results might he 
compared 

Statistical analysis of the differences in table 2 rcrcals that there is 
no significant difference in the results for ca-^cs with bone graft and for 
cases without bone graft but unsatisfacton results are significanllr more 

14 Grant, F C Operatwe Results in Inters crtchral Discs 1 XcurosjrF' 

1 132. 1944 

15 Shmners, B M, and Hamh\, \V B The Results of Surpical Remorwl cf 
Brotnidcd 1 unihar Inters crtibral Discs T Xcuresurp 1 117 1044 
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frequent in the group without pathologic disk than in the group witli 
pathologic disk 

The results following operation for lesions of the disk are dmded 
into two large groups, satisfactory and unsatisfactory No case was 
included in the group of satisfactory results if the patient had any disa- 
bility whatever in his usual occupation, and many of these patients have 
occupations which require strenuous physical exerase 


Table 2 — Results Following Operation 
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The group with satisfactory results was further divided into 
subgroups, one including patients wnth no symptoms and the otlier 
patients with minor symptoms These minor symptoms were mild dis- 
comfort of the back, mild pain in the leg, stiffness of the back or legs or 


tiro 


annoying paresthesias 

The group with unsatisfactory results included patients who were 
improved but whose symptoms were sufficiently severe so that they were 
to some extent incapacitated for their usual occupations Ten patients 
were included m tins classification, 6 of whom are recorded as shomng 
improvement and 4 as not relieved or as severely handicapped 
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Mere tabulation of the results for these 10 patients as unsatisfactory, 
without further comment, would give an unpropitious impression of the 
results of operation for herniated disk as obser\ed in this group of 
followed patients Since it seemed desirable to set up certain criteria for 
each group in the classification of results and to adhere ngidly to these 
criteria, every patient who, after returning to nork, -was incapacitated 
for carrying on his usual occupation for as long as one week ^\as classi- 
fied as unsatisfactor)^ but the results for most of them ^\ere much better 
than this designation "unsatisfactoiy'” would implj 

Therefore, a bnef account of each of the 6 cases classified as shon mg 
an unsatisfactory result but improvement follows 

Case 1 — A lesion of the disk was removed in June 1940 from the left side of 
the space between the second and third lumbar \ertebrac of a farmer aged 41 He 
has been followed in the outpatient clinic at regular intenals since that time. 
He complained of pain in the left lower extrcmitj when acti%c but could tolerate 
up to four hours of light work, and up to Juh 1944 he was quite comfortable if 
inactive. At this time he cranked an automobile and had sudden se\cre pain in 
the right buttock, which forced him to remain in bed for one week intermittent 
episodes of pain on the right side then kept him compfctcl> incapacitated until 
February 1945, w'hcn a second lesion of the disk was removed from the space 
between the fourth and fifth lumbar vertebrae on the right side Since this second 
operation he has again been rehabilitated to about the same work capacitj he had 
before the appearance of pain on the right side, m 1944 His complaints since the 
second operation, however, have been in the left lower extremitv 

Case 2 — A physician aged 33 had a lesion of the disk removed from the right 
side of the fifth lumbar-first sacral intervertebral space and spmal fusion performed 
on Oct 4, 1944 He was complctelv free of pain for four weeks and then axpcnonccd 
pain in the lower part of the back and down tlie distribution of the left sciatic nerve 
Two weeks after onset of the pain in the left lower extremitv he vvais put to bed 
with IS pounds (6 8 Kg) of traction, with prompt relief Tlie tract on weights 
were gradually removed, and he was again out of bed and free of pain eight davs 
after the traction was applied 

Since that time he has had no pain or distress m the back, and were it not for 
the fact that he had the aforcnieiitioned attack, which appears to have been due to 
irritation of the nerve roots on the side opposite the lesion of the disk, the result 
would qualify as excellent 

Casf 3 — A lesion of the disk was removed on Jan 8, 1945 from the right side 
of the fifth lumbar-first sacral intervertebral space of a chauffeur aged 55 He wns 
relieved of pain until April 2, 1945, when he again experienced pain radiating down 
the right leg After approximatclv three weeks in bed his pains had completch 
subsided, and lie returned to work and remained free from semptonis until Dec 
1945, when he again had pain for two davs but since then or for the past vear, lie 
has had no pain and has worked contiimouslv 

In this case, the result would lie verv satisfactorv were it not for two «hcirt 
pcrimls of recurrent pain smee his operation nearlv two stars ago 

C\si 4 — \ farmer aged 44 had an exploration of the left 'ide of tlie fiiih 
lumbar-first sacral intcrv ertchral space on March 1 l<i4't \ verv in all frag” nt 
of loose disk material seemed to be prc'cni but there was doubt even at tl r r< i:'u 
Sion of the operation whether a lesion of the disl was really pre-^en* 



282 


ARCHIVES OF SURGERY 


Two months after operation he had less sciatic pain than before operation but 
was not entirely relieved One year after operation he was doing light work, such 
as gardemng and driving a tractor, but he still had pain in the lower part of the 
back and in the distribution of the right sciatic nerve when he did heavy farmwork 
It IS quite possible that this case belongs in the group of negative results of 
exploration for lesion of the disk. 

Case S — On July 17, 1943, a lesion of the disk was removed from the nght side 
of the space between the fourth and fifth lumbar vertebrae of a packmg plant 
laborer He did not go back to work until three months after operatioa In the 
interval, and for two weeks after he returned to work, he was entirely free of pain, 
then he began to have pain m the distribution of the nght saatic nerve. This 
mcreased gradually, so that he was obliged to stop work after five weeks, when 
the pain gradually subsided 

Seven months after operation he reported that he was entirely free of pain when 
inactive or unless he became chilled, but he resented the fact that he was assigned 
work m the cooler room of the packing plant 

Because of contmued disability, a fusion of the fourth and fifth lumbar vertebrae 
was performed March 22, 1944, or approximately eight months after the lesion of 
the disk was removed. This did not result in any essential change m his condition. 
He continued to complain when assigned to work in the cold room of the packing 
plant, but when given work m a warm atmosphere worked without complamL 
This IS the only compensation case m which an unsatisfactory result followed 
removal of a lesion of the disk, but in this man there seemed to be a relation behveen 
his pain and dislike for the work to which he was assigned 

Case 6 — A completely herniated lesion of the disk lying free in the epidural space 
was removed on Jan. 23, 1943 from the left side of the fifth lumbar-first sacral inter- 
vertebral space in a housewife aged 48 Two months later she reported that her 
condition was improved but not cured Seven months after operation she reported 
that she had pam m the opposite, or right, lower extremity, but it ivas relieved by 
rest in bed One year later, or eighteen months after pperation, she was entirely 
free of pain , but at the time of writing, almost four years after operation, she again 
has pain in the lower part of the back and m the left lower extremity but does her 
own housework. She has also complamed smee operation of headache, a sensation 
of pressure on the top of her head, pam m the posterior cervical region, msomnia 
and numbness of her hands Examinations since operation have never revealed any 
signs of irritation of the nerve roots It is quite probable that this patient’s con- 
tinued complamts are for the most part, if not entirely, functional 

There were, therefore, in the group of 6 cases, 2 in which rehef was 
obtained except for very short penods of incapaaty for work, 1 which 
probably belongs with the group of negative explorations, 1 in which 
the continued symptoms seem to be functional in nature and 2 with partial 
incapaaty for work and continued pam without knovra cause 

There were 4 cases in which very severe handicaps followed opera- 
tion In 2 of these 4 cases massive protrusions of the disk produced loss 
of function in segments below the level of the lesion, and the continued 
disability was due to mcomplete recovery from this paralysis In 1 oi 
the 4 cases there were a postoperative wound infection and signs of 
severe involvement of the nerve rootlets from the first lumbar caudal- 
ward Spinal puncture nine months after operation revealed that the 
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protein level of the spinal fluid was 110 mg per hundred cubic centi- 
meters and the fluid was slightly xanthochromic It is assumed in this 
case with wound infection that arachnoiditis developed and that this \\ as 
the cause of involvement of the cauda equina, which extended several 
segments above the site of the operation In the fourth, and final, case in 
this group the patient's condition is considered to be unrelieved A large 
lesion of tlie disk was removed and a spinal fusion performed, with com- 
plete relief for eight months, dunng which time the patient performed 
the heaviest type of work Similar symptoms then suddenly developed 
on the opposite side A spinogram seemed to demonstrate a lesion m 
another intervertebral space, but exploration revealed no lesion Since 
the second operation, he continues to have pain in his back and in both 
legs so severe that he is at times incapacitated for work 

There were, therefore, m this group of 4 cases, 2 m which disability 
was due to incomplete recovery of function in paralyzed segments, 1 
with sequelae from a wound infecbon and arachnoiditis and 1 in which 
pain, of unknown origin, persisted 

The suggestion lias been made that tlie annoying minor s)'mptoms 
which persist after the removal of a pathologic disk may be due to long- 
standing irritation of the nerv'e root, with permanent structural damage 
to the root With this suggestion in mind, comparison was made of the 
duration of symptoms in tlie cases wth excellent results (no symptoms) 
and those with good results (minor symptoms) It was found that of 
the cases with excellent results there were 9 (64 per cent) in which 
symptoms had been present more than ten years Of the cases with 
good results but w'lth residual minor symptoms, sjTnptoms had been 
present less than six months m 24 (50 per cent) and more than 
ten }ears in only 5 (10 per cent) Thus, from this small group of cases, 
it w'ould seem doubtful whether the duration of symptoms prc\ious to 
operation affects the result which one may expect from the operation 
It was impossible to analyze these two groups in relation to the se\c^t^ 
of symptoms because the records did not gi\e sufiicicntly accurate data 
on this point It is realized that se\cnty of s^Tnptoms, as well as their 
duration, should probably be included in an attempt to correlate trauma 
to the root with the results of operation 

The most common problem in the differential dngno=i': of herniated 
disk, and the one which presents the greatest difficulU, is the differential 
diagnosis of ps\ choneurosis and a herniated disk The s\Tnptoms of 
patients with psyclioneurosis relating to the lower part of the bad ma\ 
mimic those of a herniated di^k so clo<^cl} and findings maN be so milar 
that the differentiation is airtualh impossible For tins reason, patients 
suspected of lia\ ing a lesion of the disk are carefulh studied for ps\ d o- 
gcnic disease before operation 
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A cntical attitude toward the physchoneuroses m the differential 
diagnosis of lesions of the disk has been developed in this clinic, for 
which support is found in the following observations 1 Patients have 
been observed in this clinic the cause of whose disability was quite 
probably a psychoneurosis but for whom after prolonged observabon, a 
lesion of the disk could not be ruled out, operation revealed no lesion, 
and the patient contmued to have the same complaints 2 Patients wth 
more obvious psychoneurosis but with some signs of a lesion of a disk 
have been refused operation and have had exploration elsewhere by a 
surgeon experienced in this field, without any lesion being encountered 
3 Patients have come to this clinic with continuation of their complaints 
after operation elsewhere by surgeons experienced in operations for 
lesions of the disk, but on inquiry it has been impossible to get a record 
of a definite lesion having been observed and removed at the previous 
operation Many of these persons have been at least temporarily relieved 
by mere suggestive therapy Limitation of space does not permit the 
inclusion of illustrative case histones As a rule the results are not good 
m cases of this type, and the patients are frequently subjected to sec- 
ondary operations for reexploration, spinal fusion or section of the root 

This analysis of the cases in which definite lesions of the disk are 
removed demonstrates, on the other hand, that results are good and 
second operations for continued pain are rarely necessar}^ There are, 
of course, some cases m which both a psychoneurosis and a lesion of the 
disk are present Some residual symptoms, after the lesion is removed, 
are prorbably to be expected in such cases 

SUMMARY 

Ninety cases in which operabon was performed for herniation of a disk 
are analyzed, with special emphasis on the results of operation The 
disk was considered pathologic only in cases in which a loose fragment of 
disk tissue was observed lying free in the spinal canal or in which tliere 
were defimte bulging and spontaneous protrusion of nuclear material 
when the annulus fibrosus was opened In all others the disk was con- 
sidered normal and the results of operation recorded as negative Eighty 
pathologic and 10 normal disks were exposed at operation 

During part of the period covered by the collection of this material, 
spinal fusions were not performed after removal of lesions of the disk, 
and during the rest of the period fusion was done in every case after 
removal of the lesion The relief obtained was essentially the same 
with simple removal of the lesion as with removal and spinal fusion 
The results were satisfactory in the group of 80 cases in which a 
definitely pathologic disk was removed Seventy-tivo of the patients 
were followed, and only 3 had continued pain or disability, of unknown 
origin The results were not good m the 10 cases m which exploration 
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was considered to have revealed no lesion of tlie disk This -would 
indicate that simple removal of the lesion of the disk is a satisfactory 
operation and that improvement m results is likely to be realized through 
belter selection of cases for operation rather than through the introduc- 
tion of neiv operative procedures 

Department of Surgerj, Duision of Neurosurgen, UnuersiU of Minnesota 
Medical School 

DISCUSSION 

Dr J Jai KEEGA^, Omaha This thorough anal>sis of 90 cases m which 
operation has been performed for herniation of a lumbar intervertebral disk, with 
comparison of results W’lth find without spinal fusion, should aid in the solution of 
the problem of this sjndromc. E^ery ph>sician has the problem to deal with, for 
the condition is common, and it is important to seek better definitions of diagnosis 
and treatment In such a complicated matter, it is not possible to cstabl sh infallible 
over-all rules, but cadi case must be analjzcd indmduallj and clear thinking and 
balanced judgment exercised 

There are two elements in this sjndromc, as indicated bv the familiar description 
of pain in the lower part of the back and sciatic pain Pain in the lower part of 
the back is difficult to interpret in relation to ruptured intervertebral disk or other 
pathologic condition In ncarlj cverj’ case in which true herniation of the nucleus 
pulposus of a disk develops, as defined in this studj, initial pain is limited to the 
midlinc of the back and cannot be difTcrcntiated well from similar pain of other 
causes It is onW when the loose nucleus has protruded enough to comiircss a nerve 
root that pain becomes lateralizcd, and this should give the first clue that the ksion 
IS a developing true herniation 

This lateralized pain maj he represented at first onlj b> an obvious list or 
jirotectivc scoliosis, but the patient will usuallj state, if questioned carcfullv, that 
tiic greater pain now is slightly to one side of the back or in the sacroiliac region 
This carlj lateralized pain should be recognized as involving the nerve root, chicflv 
the posterior primary division of the nerve root, and should not be attributed to 
the ligaments or structures which this nerve division supplies Eater the anterior 
pninarj divnsion of the nerve root becomes compressed suflicicntlt to send radiating 
pain down the thigh and leg in characteristic distribution for that nerve root 

When complete involvement of the single nerve root develops, sometimes rather 
suddcnlj, and persists more than two or three weeks, it usuallv nivans that the 
nucleus ])uli>osus has complctelv herniated through the annulus and the j'ostcnor 
longitudinal ligament The intient then will often volunteer the stati incut 1 he 
pain used to he in iiiv back and now is all in niv hip and leg’ Such a s\ndro*nc 
docs not call for spinal fusion, regardless of lesions of the lumbar portion of the 
spine seen in the roentgenograms for the ssTuptoms arc cntirclv tho'c of com 
prcssion of a single nerve root diagnosahle bv the finding of dermatone hvpalgesn 

As indicated bv the absence of pain in the niidback, the ninaining ainilus is 
finn and stable If surgical intervention for herniation of the iiitcrvirtil rat dis’ 
could he limited to this tvjic of case, the results would lie excellent as l)r Pevi' n 
has shown However there is a large group of cases in which is ji-i c i'e-1 a ec n 
timed svndromc of nerve root pain and pain in the n ulline cf the back die eitl f 
to incomplete herniation of the nucleus through the poswrior lf"cinihid ’ 

or to a more diffuse degeneration of the annulus fibros i which p-< -ubs r-'ber 
than hermatvs 
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These two syndromes may be distmgmshed to some degree, as the pain associated 
with discrete herniation of the nucleus is more likely to be intermittent, with 
"catches” m the back, whereas pain associated with diffuse degeneration of tlie 
disk does not show remission to this degree It is difficult to know when fusion 
should be performed for such a condition Sometimes longer waiting ivill permit the 
development of a true hermabon of the nucleus, which can be removed sabsfactorliy 
without spinal fusion 

In the second type of case, with symptoms referable to the nerve root, explore 
bon should be made for possible removal of a partly herniated nucleus pulposus, 
and fusion be done at that tune, the operabon depending somewhat on the condition 
of the nucleus and demonstrable abnormal mobility at the mvolved interspace. 
The pabent who presents only chronically disabling pam in the midlme of 
the lower part of the back and no symptoms referable to nerve roots can safely 
have fusion without explorabon of the disk 

Although spinal fusion is out of the field of neural surgery, a few anatomic 
observabons may be permitted Since most pam in the back requinng spmal fusion 
seems to come from degenerabon of the mtervertebral disk and instability at the 
site of the disk, it would seem that fusion withm the intervertebral space would be 
more logical than an attempt to stop motion at this site by plaang a strut across 
the posterior neural arch of the spme. The latter procedure may explain some of 
the poor results from fusion, together with the difficulty in performing fusion at the 
recessive angle at the lumbosacral juncbon, where most mstabihty develops 


Dr. James S Hibbard, Wichita, Kan I have been extremely interested in tlie 
sensory exammabon which Dr Keegan has presented so well today, and I realize 
its importance Having noted the emphasis placed on diminubon of the deep 
reflexes, my colleagues and I deaded to point out the vanabon which one would find 
m 100 normal persons We picked SO hospital corpsmen and SO Navy nurses, it 
was mteresbng to note that 22 of the subjects had definite inequality of the ankle 
jerks One man had unilateral absence of the ankle jerk, which ivas not explained 
In 1 woman the sign was difficult to elicit, but was present Therefore in the 
neurologic exammabon one should not forget the normal variabons 

We had a difficult problem overseas in dealing with sailors and Marines who 
wished to be on tl^e sick list In many cases the history was typical of a protruded 
disk and yet an accurate sensory and motor mterpretabon was impossible This 
gfroup included about 20 per cent of the patents with pam in the low'er part o 
the back or with saatic pam They were mahngerers but could not be designate 
as such m the Navy 

The psychoneuroses which Dr Peyton has described were quite evident when I 
returned to the States Cases of psychoneuroses were seen in a United States nava 
neuropsychiatric hospital at which I was assoaated with thirty-one psychiatnsts 
We attempted to work on the problem from the psychoneurobc standpoint k any 
of the pabents showed definite abnormal neurologic signs, but enough improvement 


was noted under psychiatnc management to rule out a protrudmg disk. 

In the evaluabon of patients with pain m the lower part of the back we were 
helped considerably by a “sign,” or “test,” which was roubne m the general physi 
exammabon We called this test the “heel walking test” The pabent was 
to walk across the room flat-footed, on tiptoe and then on his heels 
pabents with lesions of a disk showed exaggerated pam m the back and leg w en 
walkmg on the heels . ^ 

I should like to mention another group of patients This group bears 
on the question of spinal fusion at the bme of removal of the disk and me u 
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patients presenting additional lesions or congenital anomalies of the 'spinc. From a 
neurologic standpoint, these patients may also haie a protruded disk which needs 
removal 

(Slide.) I want to show this film because it illustrates one of the pitfalls of 
study with "pantopaque ’’ There is a typical defect This patient did not ha\e pain 
referable to a nerve root I am positne that the defect in this case was due to an 
epidural hemorrhage caused by the needle puncture. 

(Slide.) The next roentgenogram also illustrates a possible error in studies 
with “pantopaque.” In this case there appears to be an almost complete block at 
the fourth lumbar segment Operation reiealed no lesion representing the defect 
This error has been seen and discussed by roentgenologists, but is not generally 
recognized 

(Slide) This roentgenogram, taken with the patient standing, demonstrates 
lesions of bone in addition to a protruding disk. Impingement of the spinous 
processes on the lertebra below was first shown to me by Dr A E Bence in 1929 
This patient had a condition of this Upc, and he also had a definite lesion of the 
disk At operation the disk was removed, the spinous processes were clipped off, 
and he had complete relief from the pain in his back and from his nuclear pain 
(Slide) This anteroposterior roentgenogram shows the oblique position of the 
spinous processes as a result of impingement o\er a period of mans years 

Dr William T Peyton, Minneapolis I realize, of course, tint there arc 
many causes of pain in the back other than psychoneurosis and Iicmiatcd inter- 
lertcbral disk, but most of them are ruled out by plnsical, neurologic and roentgeno 
logic c.\aminations The most difficult differential diagnosis is that of herniated 
disk and psychoneurosis, and most poor postoperatn e results arc in psy clioncurotic 
patients who arc subjected to operation for lesions of the disk which arc not present 
My associates and I make it our rule not to operate on a patient for a lesion 
of the disk unless he is disabled, and therefore we do not operate on patients who 
do not have root pain There was only 1 patient in this group of who had no 
pain referable to the ncr\c root 

We use spmograms as a diagnostic aid when the physical signs alone arc not 
quite definite and decision for or against operation rests on the additional esidence 
to be obtained from the spmograni A spmogram is not made if the findings are 
suffieienth definite that operation would be performed even though the spmogram 
revealed nothing abnormal Spmograms were made for 4G of this senes of 90 
patients We have seen the same deformitv in the spmogram which Dr Hibbard 
showed here, that is, almost complete blocking of tlie spmal subarachnoid space to 
the iodized poppvsccd oil or other contrast medium, and we have become cautious 
in interpretation, since the associated disk is hkclv to be normal on exploration 
I still think that the so-called protnidcd disk is not a pathologic disl I infc' 
from what Dr Keegan said that he thinks that it is Bv a protruded disk 1 mean 
one that projects into the spinal canal but, if opened, docs not have loo'c fragments 
It has the consistcncv of a normal disk There is considerable anatomic vanatiun 
in the vertebral disk and protrusion is apparciitK one of the variants I 1 ti"u that 
the majontv of surgeons who operate on lesions of the disk agree with Dr Kcet n 
that the protnidcd disk is a pathologic di'k 
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Cesarean Section at Term 
H K BONN, MD 

LOS ANGELES 

Reis ^ stated 

Progestin [progesterone] which is the hormone of the corpus lutcum 
of pregnancy is necessary in adequate amounts not only to prepare the cndo 
metrium for implantation but also to inhibit uterine contractions in order that 
the early pregnancy may remain attached to the decidua In the early weeks 
of pregnancy these necessary amounts afe produced by the corpus lutcum of 
pregnancy With the completion of placentation which is usually about the 
twelfth week the placenta takes over the function of the corpus lutcum of 
pregnancy 

This succinct statement by Reis represents the commonly accepted 
fact that the presence of an ovary (producing the hormone, progesterone, 
of the corpus luteum) is necessary for the continuance of a pregnancy 
during the first twelve weeks Considerable doubt is cast on such a 
premise by the case reported by Young* and the c^e to be reported 
here, which are similar both as to the acute abdominal condition neces- 
sitating operation and the probable duration of the gestation at the 
time bilateral oophorectomy was done 

A brief summary of Young’s case follows 

A farmer’s wife aged 31 presented symptoms and signs warranting a tentatnc 
diaggiosis of ruptured ectopic pregnancy The previous history was not remarkable 
except that four years before she delivered a 7 month, macerated fetus, a 
year later she again became pregnant and delivered a living child at lull term 

At operation, a twisted ovarian cyst was removed, the other ovary was 
diseased and was likewise removed The uterus was small, and since her last 
menstrual period was only two weeks overdue the diagnosis of pregnancy was 
questionable Recovery from the operation was uneventful Four and one-half 
months later the diagnosis of pregnancy was made beyond doubt A living 
female child was delivered spontaneously about eleven days after the expected 
date of confinement When seen one year later, the patient had been amcnorrheic 
since the birth The uterus was of normal size and shape, and there was no 
apparent atrophy 

In Young’s case both ovaries were removed on March 23, 1940, 
and the last menstrual period had been on February 6, thus the preg- 

Read at the fifty-fourth annual meeting of the Western Surgical Association at 
Memphis, Tenn , Dec. 7, 1946 

1 Reis, R A Causes and Treatment of Spontaneous Abortion, Illinois 
M J 80 380 (Nov) 1941 

2 Young, W R Bilateral Oophorectomy in Early Pregnanej, Illinois 
J 80 132 (Aug) 1941 
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nanc) could not have been present for more than thirt)-five davs if 
one adds ten da>s to February 6, as the most Iikcl} date of conception 
Young added ten dajs to Februarj 6 , but it one adds fifteen davs 
the commonl} accepted time of conception, the pregnane} in his case 
would have been of onl} thirtv davs’ duration 

The follow ing case is reported 

Mrs, W E, aged 30, was seen on Jan 9, 1943 According to her histoo. 
ten jears previoush, at tlic age of 20, a cesarean section v as done bj a competent 
colleague and friend in a midv estern atj The indication lor the section a< 
stated to and b> the patient, t'.as the presence of a large intrauterine vumo- 
precluding a normal dcluer> \ Ining male child \ as delnered and tnc 
patient v as informed bj her surgeon that a tumor of the utcrirc \ all in\oUcd 
practicallj the entire fundus and that this tumor had no* been rcmoicd Rcco cr\ 
from the section v as unc\cntiul 

Two 3cars later, in 1934, the patient and her husband \ ere dno'ced an I 
later in 1934 the patient remarried. Another child was eamesth dcsirc-d but 
the patient did not become pregnant in the next eight vear' Dj'ing tic'c 
>cars menstruation v as regular, lasted four da\£ and .vas painlctt Her la'* 
menstrual period began JuK 20, 1942 and lasted four da\s the amount ly'ire 
normal She did not menstruate in August and believed that she v 3= p'cgniri 

On September 8 tlic sjouptoms and signs of an acute abdominal conditio 
appeared suddenl> Her husband, a chiropmctor, summoned an osteopathic p’v-i- 
cian, who sent the patient to a small surburban hospital and operated on her at 
once At opc-ation an orangc-sized evst ot the right ovarv \ itli a tv is'cd 
pedicle and the accompanving tube v ere removed N'o* content v it'i in' 
surgical procedure, the left ovar> and tube were also remo ed \ppartmti 
the possibilit> of a pregnanej vas not considered Recoven v as v ivhou* iradcr 

In Januarv 1943 the patient again consulted her o'ttopathic 'urgeon becaj'c 
of a large mass in the lov er part of the abdomen The cast o' the right o 
the left ovarj and both tubes v ere then located and sent to a enmp^'ent pathohi- 
gist, whose report stated that the ovarian cv't was oi cndomc'rial tvp" t' c oiier 
ovarj being cs entiallv normal The tubes vert no-mal The patic”* v as tr" 
advnscd to have roentgen treatment for supposed ntra abdominal cn^'o^e'-iosi' 
The nossibilitv of a nrccmancv was annarentiv no* ccnsif’frcd even at this dc'e 
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The patient’s prepartal course was normal On March 13, 1943, a roentgeno- 
gram showed a fetus m utero with right occipital presentation and apparently 
normal development for the early part of the eighth month of gestation A 
cesarean section was done on April 20, this date bemg considered to be seven 
to ten days prior to term Operation revealed a sheet of omental adhesions 
was spread throughout the entire lower part of the abdomen, the bladder, the 
entire uterus to the posterior wall of the fundus and the lateral pelvic walls 
being completely covered In view of tlie extent of the adhesions, no attempt 
was made to release them The omentum covering the scar of the previous 
section was incised, and then the uterine wall, which was approximately 1J4 to 

inches (3^ to 3 8 cm) m thickness When the uterus was opened, it became 
evident that a tumor involved the entire uterine wall of the fundus The demar- 
cation between the normal uterine wall and the tumor was easily identified In 
addition, there was a fibroid the size of an apple near the cervix on the right 
lateral aspect and a smaller one nearby A living female child was delivered and 
the placenta removed intact Bleeding from the mcised tumor was unusually free 
necessitating considerable ligation of individual vessels The usual closure was 
done, and convalesence was entirely normal 

The patient has been amenorrheic since the cesarean section and has had 
the usual symptoms of surgical menopause, beginning about sixty days after the 
section and relieved by the use of ovarian hormones From such data as are 
available from the statements made to the patient and her husband and from 
the pathologic report, it appears certain that both ovaries were excised com- 
pletely at the original procedure for removal of the ovarian cyst No effort 
was made to determine the presence of ovarian tissue at the time of the section 
because of the extensive adhesions Likewise, a hysterectomy was not done, in 
view of the patient’s request that such a procedure be not done at this time if 
It added to the risk. Such a policy was probably best in view of the unduly 
excessive hemorrhage from the incised wall of the uterine tumor and the 
necessity of releasing the firm, widespread adhesions Examination one year 
after the section disclosed a uterus the size of two fists The patient has declined 
to have further surgical treatment. 

The patient’s last menstruation began July 20, 1942, and the ovaries 
were removed on September 8 If one adds ten days to the date of 
tlie onset of menstruation, this gestation was of forty days’ duration 
at the date of bilateral oophorectomy If one adds fifteen days (instead 
of ten) as the most likely time of conception, then the duration of 
gestation was thirty-five days at the time of the bilateral oophorectomy 
By either computation, the duration of the gestation was far less than 
the ninety days during which the ovarian hormone (progesterone) is 
beheved to be necessary for the retention of pregnancy 

Seegar and Delfs ® reported a case in which a Negro woman of 26, 
who had four full term, spontaneous deliveries, was operated on on 
May 29, 1939, the left tube and ovary being removed The only 
menstruation between the date of operation, on May 29, and the date 

3 Seegar, G K, and Delfs, E Pregnandiol Excretion Followmg Bilateral 
Oophorectomy in Early Pregnancy, JAMA 115 1267 (Oct 12) 1940 
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of admission to the hospital, on September 12, had been on July 2 On 
the basis of the symptoms and findings, a tentatne diagnosis of ectopic 
pregnancy was made 

On September 13 a cyst of the right o\ar} and the right tube 
were removed The uterus was noted to be enlarged and softened, 
giving the appearance of a uterus of early pregnancy Labor occurred 
spontaneously on March 26, 1940, fourteen da}s before the expected 
date of confinement, a normal female child being delivered by breech 
extraction Thus, the pregnancy of this patient went practically to 
term, although all ovarian tissue was removed on the sixt) -third daj 
of gestation 

Values for pregnandiol throughout the course of the pregnancy in 
this case w'ere unusually low, the cause of which could not be c\aluated 

Young, stimulated by the report of Seegar and Delfs, made one 
determination of pregnandiol during tlie last month of pregnancy m 
his case , this determination gave values well w ithm the limits of normal 
and seemed to prove conclusively that the placenta was producing most 
of the progesterone 

1401 South Hope Street 

DISCUSSION 

Dr Theodore F Riggs, Pierre, S D Before the estrogens were a\iiliblc, 
a married woman aged 23 reported to me with her first pregnanc\ IlTamination 
rcaealed two firm masses, one on each side of the midline, and a third, softer 
mass in the pelvis Her pregnancy was of less than four and a half months’ 
duration, and I suspected dermoids with the pregnancy On examination a few 
weeks later the two upper masses appeared to haae grown more than the pcUac 
mass While I realized the danger, surgical intcrxcntion seemed neccssara 
Operation revealed bilateral dermoids, which were removed as gently as possible 
The pregnanev went on to an uncomplicated, spontaneous delivery, the placenta 
doubtless substituting for the ovanan tissue whicli had been removed 



RADICAL MASTECTOMY 

Prognosis After Survival for Rve Years 
ARTHUR B McGRAW, MD 

GROSSE POINTE, MICH 

' I ''HIS paper is the report of an attempt to discover what happens 
eventually to women who have undergone the Halsted radical 
mastectomy and have survived five years or longer 

Since the openmg of its department of surgery, thirty years ago, 598 
such operations have been performed at the Henry Ford Hospital, 412 
of them up to the end of 1941, with a mortality rate of 2 2 per cent 
As the result of an intensive follow-up study of all radically treated 
patients with cancer of the breast, begun m 1930 and carried on without 
interruption despite obstacles of the war years, my colleagues and I 
have current follow-up information on all but 6 of the 412 patients 
(table 1) By recent check, we find that 177, or 43 per cent, survived 
their operation five years and more Of these 177 patients, we have 
lost track of only 2 (table 2) 

Three mam considerations led us to study these five year survivors 
and their subsequent fate First was an expenence, many years ago, 
of discovering that a half-dozen women previously reported rather 
confidently as “five year cures” had all died subsequently of late devel- 
oping metastases A second consideration was that the operations 
on the present group of patients were performed in a similar manner 
and by a small group of surgeons The chief surgeon of the hospital, 
Dr R D McClure, perfomed 51 per cent of these operations, 4 other 
surgeons, another 41 per cent, while the remainder, 8 per cent, or 14 
operations, were done by ten surgeons dunng their penods of training 
at the hospital All operations, therefore, have conformed with the 
deliberately and thoroughly radical basic pattern established long ago 
by Halsted ^ and Meyer ^ and recently elaborated and illustrated by 
Haagensen ® The third consideration was a desire to discover either 
value or disadvantage in two or three vanants in operative detail and 
postoperative treatment 

Read at the Fiftj -Fourth Annual Meeting of the Western Surgical Assoaation 
Memphis, Tenn., Dec. 7, 1946 

1 Halsted, W S Surgical Papers, Johns Hopkins Hosp Rep 4 297-35 , 
1894-1895 

2 Mej er, W Cancer of the Breast, Surg , G 3 Tiec. & Obst 24 553-577, 19 

3 Haagensen, CD A Technique for Radical Mastectomy, Surgery 19 
1-131, 1946 
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A follow-up program, jiropcrly conducted, is a continuous, persistent 
process \\ hen the fate of a group of patients with radical treatment 
for a pnrticulai kind of cancer is studied, so to speak, h}' stopping the 
slock at a gnen point of tune, and after a predetermined interval, one 
IS at once confronted with four mutualh exclusive subgroups There 
arc the patients known currenth to he h\mg and apparcntlj well, the 
patients known to ha\c died of mlereurrent disease and apparcntlj free 
«ii recurrence, the patients known to ha\e died with recurrence or 

Term I — Dnict rii lour //aniff erf and 7'tiRr Fatiriits U'fw Had Undcrqonc 
Radical Mastcclaiii\ (10J6-JPIJ J 


rnlVnl Grinilt 


CiiTTcnl 
1 ullow Lp 

Inlornintlon 


Complctcncfii 
of lollow Up 
Infonnntlon 


TWInl niimtx— of pnllrnt* oprrnlril on 411 401 

I'nllr-itf Furrlrlni: n\<' irnn ITT ITj PTT, 


Taplt 2 — Data on Fair Huidrcd aid Txtcl c Fahcnls '.tnlh Radical Masicclointcs 

(1016-mi) After Fi-c Years 



Total 

live Irar Burrhorf 


Sumlitr of 




Ope rations 

NumlKT 

rcrccntaco 

Ml patlfnlf 

41! 

ITT 

43 

PnllrpiF ulth axtllftcr noil^* InMiUnl 

! 1 

T4 

!t>0 

Pallnlf ■nllb nxlllarr no<lf« c>nr 

101 

103 

C-1 


Taiix 3 — Ytiiiicncal Distnbiition of Siibarotifis of Falieiils (177) Siirminiiq 
Radical Mastectomy Five Years or More 



AxlIIaiy Nodes 

Axillary Nodes 



Involved 

Clear 

AH Patients 

I’nlli-nts ll\lnr and well 

00 

TO 

100 

PatlfnlB Mho linil <1M of Inl'TounTnl dPenw! 
Pnllrntf! who lind died of or were llvlnc with 

10 

13 

20 

cfinccr 

29 

20 

43 

All patients 

71 

103 

177 


metastases, and the patients know n to be living w ith recurrence Since 
tlie patients in the present senes know-n to be living watli recurrence 
number onlj 7 thej' base, for purposes of analysis, been added to the 
larger group, of 41, known to have died of metastases Table 3 shows 
the numerical distribution of these subgroups in our senes 

PATIENTS W'lIO lIAVr DII D OP MPTASTASTS OR ARE 
LIVING WITH RECURRENCE 

I shall first consider bnefly the subgroup of 48 patients known 
either to have died of metastases or to be living with recurrence There 
are 41 of the former and 7 of the latter Their ages at operation tend 
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to fall slightly above 50, a corresponding slightly greater number of 
the women past 50 having passed the menopause before operation 
Sixteen (one third) of these 48 patients lived five years but less than 
SIX years after operation (table 4) Of the 32 (two thirds) whose 
period of survival exceeded five years, 13 lived longer than ten years 
Thus, m the subgroup whose fate to die of their cancer was sealed in 
spite of surgical intervention, there was achieved a ten year salvage of 

Tablk 4 — Postoperative Periods for Forty-Eight Patients Who Survived Radical 
Mastectomy Five Years or More But Who Died of or Were 
Living with Recurrence 


Postoperative Period 

Number of Patients 

Percentage 

Under 6 years 

16 

S3 

6 to 9 years 

19 

40 

10 to 14 years 

10 

21 

16 to 19 years 

2 

4 

20 years or more 

1 

2 

Total 

43 

100 


Table 5 — Attainment of Life Expectancy of Forty-Eight Patients Who Survived 
Radical Mastectomy Over Five Years But Had Died of or Were 
Ltznng with Recurrence 


Life Expectancy Attalnecl Knmber of Patlenta Pereentage 


Leas than one half S3 f® 

One-half or better 15 31 

IMU or better 8 6 


Table 6 — First Appearance of Recurrence in Forty-Eight Patients Who Survived 
Radical Mastectomy Over Five Years But Who Had Died of or 
Were Living with Recurrence 


Period Before Recurrence 

Number of Patlenta 

Percentage 

Under o years 

20 

42 

5 to 9 years 

20 

42 

10 to 14 years 

6 

12 

15 to 19 years 

1 

2 

20 years or more 

1 

Total 

48 

100 


27 per cent It may be noted m table 5 that 31 per cent had reached 
or exceeded half their life expectancy at the time of their operation 
We were greatly surpnsed to find how many years of apparent good 
health elapsed before signs of recurrence or metastasis first developed 
As shown m table 6, metastases appeared between the fifth and the ninth 
year after operation m 42 per cent of the 48 patients, between the tenth 
and the fourteenth year in 12 per cent and dunng the fifteenth year or 
later in 2 per cent 
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Wc lia\c scrutinircd our dala on the S patients uliosc recurrence or 
inctastascs appeared ten or more jears after oiieration without discover- 
ing anj dependable clues to the extraordinarily protracted quiescence of 
their microscopic foci of cancer wlncli remained after operation The 
S patients a\cre mostlj middle aged, though there was a woman of 29 
and another of 62 Of the S, only 2 were operated on within a month 
after they Iiad first noticed tlicir growth, 2 others had the operation 
one acar afterward Four had iiuolvemcnt of axillary nodes, 5 had 
retraction of the skin or the nipple or of both Ihrec had roentgen 
treatment immcdiateh after operation Four had adenocarcinoma, 3, 
scirrhous carcinoma, and 1. medullary carcinoma Ihe only uniform 
factor in the clinical findings or in the trc.atment of these 8 women 
was pnmara operatne closure of the wound without a skin graft Only 


Taiht 7 — Data on T'criil^ Pattfiits JYlto Stirti cd Radical ^[astcclomy 
O' cr Ft c Years Rut U'ho Died of Iiih reiirrciit DtseasL 


PiTloil ol Sunlvnl 

Xumber of Pntlcnfi 

Pcrccntnrc 

tnJfr 0 jrnrr 

7 

21 

S to '> yrm 

7 

:i 

10 to 11 y<'ar» 

0 

SI 

15 to 1 < jrnrf 

1 

14 

V or wojT 

O 

7 

Totnl 


100 


Tault 8 — Attoiiiwcnt of Life Ilxf’cctaiicy of Tuciity-h’iiic Patients lYlio Survived 
O'er Pi'C Years But Died of Intcrcurrcut Disease 



Amount 

Xumber of Patients 

Percentage 

Ixff than one lialf 


5 

17 

One half or better 


01 

63 

Full or better 


13 

16 


in a mucli larger number of patients would such a common factor have 
c\cn conjectural significance 

The clinical, operatne and postoperative data on these 48 patients 
who ultimately died of their disease were further analjvcd, without dis- 
covenes of statistical significance That there were in this group twice 
the number of patients wath retraction of the nipple and deep fixation 
of the grow'th and distinctly more patients wath retraction of tlie skin 
are findings to be expected As to the types of cancer, tliere was a 
slight predominance of adenocarcinoma and an understandable absence 
of colloid growths 

PATIENTS WHO DIED OF INTERCURRENT DISEASE 

The next subgroup of patients to be considered is that in which 
death occurred after five years from intercurrent disease and without 
known recurrence or metastasis This group numbers 29 patients It 
will be dealt with briefly, for death from intercurrent disease always 
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leaves uncertainty regarding the possible presence of undetectable 
remaining foci of cancer Only 5 of this group died in this hospital, 
where direct clinical observation or autopsy could give confirmatory 
evidence The survival periods of these 29 patients after operation are 
shown in tables 7 and 8 

In connection with their survival, it should be noted that 83 per cent 
of tliese women had lived over one-half their life expectancy at operation 
and 45 per cent had exceeded that expectancy, several from four to mne 
years Had these older women been handled timidly by less than 
radical operation or by other than operative treatment, many of them 
would have died sooner, and of their cancer 

With regard to other clinical and operative data on this group, only 
one curious finding stands out Eighty per cent had retraction of the 

Tabue 9 — Data an One Hundred Patients Who Survived Over Five Years 
and Were Currently Living and Well 


Postoperative Periods 

Number of Patients 

Percentage 

Under 6 years 

U 

U 

6 to 9 years 

S8 

S8 

10 to 14 years 

24 

24 

16 to 19 years 

17 

17 

20 years or more 

12 

12 

Total number 

loo 

lOO 


Tabue 10 — Attainnicnf of Life Expectancy for One Hundred Patients Surviving 
Over Five Years and Currently Living and Well 


Less thnn one-half 
One-half or better 
Full or better 


Amount Number of Patients 

46 

65 

17 


Percentage 

46 

65 

17 


skm over the tumor at the time of operation This striking frequency 
of retraction of the skin seems most plausibly explained by the greater 
ease with which retraction of the skin can occur and be detected m 
the atrophic elderly breast The neglect of their tumors by these 
patients before they sought operation was no greater than that shown 
in the other subgroups 

PATIENTS LIVING AND APPARENTLY WELL 
The third subgroup to be considered is tliat of the patients known 
to be living and well five years or more after operation It numbers 
100 persons, a larger number by one third than the other two groups 
combined In addition to being a larger group numerically, a greater 
proportion of these patients have survived long penods of years, as is 
evident from comparison of table 9 wth tables 4 and 7 Fifty-five per 
cent of these patients have to date lived over one-half their life expec- 
tanc}% and 17 per cent have exceeded it (table 10) 
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With regard to cluneal iiiuhngs, there is one outstanding dilTerencc 
m tins group, winch nndouhtcdK is the iirincipal factor in the longer 
snrvnal of its ineinhcrs Onl\ 30 of the 100 patients were observed at 
operation to ln\e inetastases in the a\illar\ Uinph nodes, almost an 
exact reversal ol the situation in the group who died of or arc living 
with cancer Other eharacteristies of the tumors of this group, such as 
retraction oi the skin, were also less frequent, though not notablj so 
1 here vv ere a few less adenocarcinomas and scirrhous and medullary 
carcinomas and more duet carcinomas and the group contained two 
thirds of all tumors with colloid characteristics 

The data on the 12 patients of this group who have lived twenty 
vears .and over were c.\annned to ste whether their clinical and operative 


T vaiT 11 — Prtuian Closure I < rrus TAm Graftiuo 'uiili Rtonrd to Coudttiou 

of !rtllor\ \odiS 


Procr<lurc 

All Pttllont* 
(I7.J, IN m-ntni.f 

Patients with 
Avllla Clear 
(lo-i) PercenthKC 

Pnftcnt'! with 
Vxllla Involved 
(74), Percentnre 

Slln crnltlnc 

•VO 

05 

41 
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to 


100 
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Tault 12 — Pnwar\ 

Closur, 1 trsus 911)1 Grafliiin ;ci//i Rcspict to 
Sun.f'jl Subgroups 

Proecdure 

Patient* 
Llvlnc and Well 
(100), Percculncc 

Patient* Wlio Died 
ol Intercurront 
Dlfen»e 

(CO), I’ercentaKo 

Patients Who Died 
ol or Were Llvlnu 
with Recurrence 
(43), PcrcentoEO 

ELIn RraltiDf: 


52 

10.5 

PrlmaiT closure 

07 

43 

835 


100 

100 

100 


observations gave an espcciall) good theoretic prognosis of a long sur- 
vival Favorable factors were that one half had operations less than one 
month after noticing their tumor and that two thirds were free of axillarv 
mv'olv'ement On the unfavorable side, it is to be noted that 6 of the 12 
had scirrhous carcinoma, 4 adenocarcinoma and 1 medullar)^ carcinoma, 
and 8 had some combination of retraction of the skin, retraction of the 
nipple or fixation to the thoracic wall 

EFFECTS OF MANNER OF CLOSURE OF THE WOUND 
I now turn to two variants in operative procedure, clues to the 
advantages or disadvantages of which have been sought in this study 
First IS the manner of closure of the wound — primary closure versus 
partial closure, with immediate application of a split thickness graft 
to the defect By reference to tables 11 and 12 it will be seen that 
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in nearh one third of tlie operations a graft was used and that it was 
used more often in cases with axiUar)^ metastases Grafts w'ere also 
used tiiace as often in the group of the patients who are hvmg and 
w ell as m the group ot the patients w ho have died of or are hving w ith 
recurrence 

Table 13 indicates that there are defimte differences in the time ot 
wound healing m the cases with skin grafting and the cases wuth pn- 
maiw closure of the wound 

Table 13 — PnjHan Closure Versus Skm Graftiug zLifh Respect to Effect ou 
Time of Wound Healing m Senes of One Hundred and Seventy- 
Seven Patients Surviving Over Five Years 


Percentage of Patients 

t * — \ 

Time SHn Grafting Closnrc 

Under 1 month 

2 months or less 

3 to 4 months 
5 months or over 


4B u 

•72 C2 

21 18 

7 20 


Table 14 — Primary Closure Versus Skin Grafting vith Respect to Effect on 
Shoulder Motion and Edema of Arm for One Hundred and Seventy- 
Seven Patients Surviving More Than Five Years 


Percentage of Patients 

- -A - 



SMn Grafting 

Olosnre 

100% motion 

79 

91 

Impairment- 

21 

9 


100 

100 

Edema 

56 

69 

^o edema 

44 

41 


100 

100 


A spht thickness graft rather dependably fin 72 per cent) secured 
healmg in two months or less and rarely (m 7 per cent) resulted 
m greatly delaj ed heahng Although primarj^ closure led skin grafting 
in cases m which heahng occurred wuthin one month (11 per cent), 
it also, by reason of the risk of sloughing of the w^ound edge, resulted 
m nearly three times (20 per cent) as man}"- slowdy heahng wounds 
as did grafting Table 14 indicates that more instances of impaired 
arm motion followed skin grafting than follow'ed pnmary closure of 
the wound There was no sigmficant difference between graftmg and 
pnmary closure m the madence of postoperative edema of the arm 
In recording the latter compheabon, minimal, and ev en transient, 
swellmg was classified as edema 






apparently had such biopsies, and represent numencally the largest 
single group in the series, make us feel that careful biopsies are at least 
not harmful, and we are currently continuing the practice 

INFLUENCE OF POSTOPERATIVE ROENTGENOTHERAPY 

Comparison of the results for those of the 177 patients who had 
early postoperative roentgenotherapy with the results for those who 
did not IS inconclusive as to any clearcut beneficial influence of such 
treatment on the prognosis Table 17 indicates this We do not wish 
to imply, however, that early postoperative roentgenotherapy is either 
harmful or of no possible value Our patients to whom such treatment 
was given were not selected with sufficient consistency and impartiality 
to warrant conclusions, even had our figures seemed to show a trend 
m either direction In the series of 177 patients, the proportion of 
women with axillary involvement who received roentgenotherapy was 
considerably larger than that of the women who were free from such 
metastases 

CONCLUSION 

In conclusion, the close observation and study of our series of 
patients with cancer of the breast, and especially of those who sur- 
vived operation five years or more has in every way strengthened our 
convichon that a thorouglily radical operation is tlie only procedure 
at present givmg such patients a good chance of long survival We 
believe that such an operation should be undertaken whenever it can 
be performed with teclinical adequacy unless coexisting metastases are 
so advanced or widespread and the patient’s expectancy of life is 
clearly so short as to make operation futile 

340 Lakeland Avenue 

DISCUSSION 

Dr Willis D Gatch, Indianapolis Here is a study extending over thirt) 
years, probably costing thousands of dollars, which is honest and of tremendous 
scienbfic value I know of no such thorough study of the end results of the 
operative treatment of cancer of the breast Dr McGraw has traced 99 per cent 
of all patients 

The paper is so rich in facts that I cannot hope to discuss all of them These 
results confirm the fact established by other studies that the modem operation 
for cancer of the breast gives about 40 per cept of five year survivals Halsted 
had this percentage of survivals fifty years ago, and he operated, on the whole, 
on patients with more advanced cancer tl.an those operated on today I believe 
that any surgeon who reports a much iigher survival rate than 40 to 45 per 
cent either is not following his patients carefully or must have a pathologist who 
IS very free in his diagnosis of cancer The last factor is an important one. The 
inexperienced pathologist is inclined to pliy safe, as they say, and make a diag- 
nosis of cancer in doubtful cases 
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pregnancy, (5) general constitutional diseases, such as diabetes, and (6) the age 
of the patient 

Although metastasis to the axillary lymph nodes is only one of the factors 
which may indicate the extent of the disease at the time of operation, I believe 
that It is one of the most important indications of the prognosis after operation 
because of the great influence that it has on the rate of survival I believe, there- 
fore, that in compilmg statistical studies of survival rates for malignant disease 
of the breast, all cases should be divided into two main groups, those with and 
those \vithout metastasis to the axillary lymph nodes at the time of operation 

The grade of malignanc> is important in prognosis, because the higher the 
grade of malignancy the greater the probability of metastasis to the axillary nodes 
In the series of carcinoma of the breast at the Mayo Clinic, it ^\as found that 
492 per cent, or nearly one half of all carcinomas of the breast, were of grade 
4 malignancy and that of the cases of grade 4 malignancy metastasis to the 
axillary nodes was present in 84 1 per cent at the time of the operation When 
the lesions of grade 3 and grade 4 malignancj were combined, it was found 
that metastasis occurred earl> in 81 7 per cent of carcinoma of the breast This 
observation, again, emphasizes the seriousness of malignant disease of the breast 
in that the majority of the lesions are of a high grade of malignancy and present 
a high percentage of metastasis to the axillary nodes at the time of operation 

The importance of the presence or absence of metastasis to the axillary nodes 
at tlie time of operation is shown in a study of 6,149 patients who had radical 
mastectomy, 60 5 per cent of whom had metastasis to the axillarj' nodes at the 
time of operation Of the patients who did not have axillary metastasis at the 
time of operation, or 39 S per cent of the entire series, the percentage who Uved 
three years or more after operation was 85, a proportion almost hvice as large 
as that of the group with axillary metastasis, which was 45 3 per cent For the 
five, ten, fifteen and twentj year survival periods of patients without metastasis 
to the axillary nodes, it was found that the rates showed progressive improvement 
as compared with the rates for the group with axillary metastasis For the 
five >ear period, the survival rate for the group without metastasis was 75 7 per 
cent, and that for the group with metastasis, 30 4 per cent , for the ten year 
period the survival rates for the group without and the group with axillary 
metastasis were 57 9 and 16 4 per cent, respectively , for the fifteen year period, 
they were 44 and 111 per cent, and for the twenty year period thev were 33 5 and 
6 5 per cent 

Dr. Arthur B McGraw, Grosse Pointe, Mich I wish, first to clear a 
possible misunderstanding with regard to my statement about roentgen treatment 
after radical mastectomy What I had to say dealt entirely with immediate 
or earlv postoperative treatment My colleagues and I use and depend greatly 
on high voltage roentgen therapy in the care of patients m whom metastasis 
develops and who later die of the metastases 

You might be interested in the sources of our follow-up studies, that is, how 
we came by our information Bnefly, in order of the frequency, they were as 
follows (1) patients who either were seen alive at the Henrv Ford Hospital 
or died in the hospital, total 48 per cent of the patients follow ed in this report , 
(2) information bv letter which we considered adequate, 22 per cent, (3) infor- 
mation b\ telephone (which we did not like to use but had to to some extent), 
11 per cent, (4) The board of health, either of the ah of Detroit or of other 
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communities, 10 per cent, (5) physicians, 5 per cent, (6) verbal report, only 4 
per cent 

In determining the adequacy of this follow-up information, we rated what ue 
secured ourselvqs, what we got through boards of health and what we got from 
physicians as dependably accurate Such information totals 63 per cent We 
consider letters and carefully conducted telephone conversahons as reasonably 
good reports, and information from these sources totals 33 per cent What we 
should regard as questionable information only comes to 4 per cent of our total 
follow-up data 

I wish to thank Dr Gatch for his kind and interesting discussion He went 
into a number of points that I should like to have mentioned, but which the time 
forbade I am also grateful to Dr Harnngton for bringing the two interesting 
lantern slides and giving you the benefit of what I believe is an important factor 
m the matter of follow-up studies Such surveys not only have to be pursued 
and continued but must be well planned, and in, anj hospital of five hundred beds 
or more there ought to be a department of biometrics and statistics, as there is 
in the Mayo Clinic In such a department, studies are first planned, then data 
collected and finally assembled and sorted The information that proves irrelevant 
can be picked out and set aside, and the relevant data can be put on record, 
accumulated and finally interpreted with regard to its statistical significance 

When that is done, as at the Mayo Clinic, one possesses, as you have seen 
m Dr Harrmgton’s lantern slides, a splendid resume What are those of us 
who have numerically smaller groups of cases going to do^ One wonders whether 
an organization such as this association might not undertake some form of planned 
cooperative follow-up study among its members Certain tjpes of lesions or 
conditions in which we were interested could thereb> be followed carefully and 
uniformly over a penod of years By combining a number of small groups of 
cases, a single, large group \ielding statistically significant information would be 
secured 



AMEBIASIS WITH PULMONARY INVOLVEMENT 
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E NDAMOEBA histolytica, first described by Losch in 1875, 
has been long established as the cause of tropical liver abscess 
The specificity of emetine hydrochloride in the treatment of amebic 
infection was estabhshed by Vedder and by Rogers ^ Recent articles 
by Ochsner and DeBakey,’ Smith and Ruffin ® and Klatskin * have 
reemphasized the value, first recognized by Rogers,® of emetine hydro- 
chloride therapy in contrast to open operative drainage 

INCIDENCE 

Endamoeba histolytica is probably harbored by between 10 and 20 
per cent of the population, with twice this percentage in the returning 
soldiers from some areas The incidence in these carriers of active 
dysentery is not accurately known The incidence of hepatic involve- 
ment in cases of dysentery vanes from 9 per cent in early, well treated 
clinical cases to 95 per cent in fatal cases Pleural and pulmonary com- 
plications occur in from 5 to 15 per cent of cases of dysentery and in 
from 10 to 20 per cent of cases of hepatitis 

From the Thoracic Surgery Section, Kennedy Veterans Administration 
Hospital 

Presented at the Fifty-Fourth Annual Meeting of the Western Surgical Asso- 
ciation Dec 5, 1946, by invitation 

Published with permission of the Chief Medical Director, Department of 
Medicme and Surgery, Veterans Administration, who assumes no responsibility 
for the opinions expressed or conclusions drawn by the author 
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PATHOLOGIC PROCESS 

Through the portal vein the ameba reaches the liver, m which 
thrombosis and necrosis first occur m the finer radicles The process 
may be arrested with fibrosis or may extend and coalesce to form a 
typical large solitary abscess of the right lobe of the liver, usually 
anteriorly and medially The pleura and lungs usually become involved 
by direct extension through the diaphragm A stenle empyema, with 
bloody or reddish brown |luid, follows pleural involvement Broncho- 
biliary fistula without empyema or pneumonitis frequently occurs 
More often diffuse pneumonitis of the lower lobe of the right lung 
occurs, followed by an abscess or a bronchopleural fistula 

CLINICAL PICTURE 

The initial clinical picture before pulmonary involvement is usually 
that of acute amebic hepatitis with or without abscess formation The 
patient appears acutely ill, with chills and fever, pain in tlie right upper 
abdominal quadrant often referred to the shoulder and an enlarged 
tender liver Roentgenologic stud}"^ reveals elevation, irregularity and 
fixation of the nght side of the diaphragm 

Klatskin, in a series of 69 patients with hepatic disease, found that 
abnormal pulmonary physical symptoms were present in 16 and that 
while a primary diagnosis of pulmonary disease was made in only 
16 per cent of the entire senes it was made m one third of the cases 
in which there was acute hepatitis or hepatic abscess In 17 of the 36 
cases the roentgenograms showed abnormalities which were usually 
interpreted as those of early pneumonia The pulmonary changes were 
considered as secondary to the involvement of the liver and were 
thought to be probably due to atelectasis 

When the pleura becomes involved, cough and pain in the chest, 
aggravated by deep breathing, and an associated pleural effusion make 
their appearance Aspiration of the pleural effusion usually reveals a 
stenle bloody or reddish brown fluid, in which amebas may be found 
When the lungs become involved, the initial dry irntative cough 
quickly becomes productive of a bloody purulent sputum, in which 
amebas may also be found Roentgenograms of the chest usually reveal 
a characteristic fixed elevated diaphragm, wth a localized bulging and 
obliteration of the cardiophrenic and anterior costophrenic angles 
and a charactenstic tnangular shadow with the base toivard the liver and 
the apex extending toward the hilus of the lung Cavitation may be 
present After the abscess ruptures into a bronchus, the resulting bron- 
chohepatic fistula may be demonstrated with iodized oil U S P When 
pulmonary and hepatic amebic disease remains undiagnosed for a period 
of time, the patient loses weight and becomes v eak and anemic 
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In patients m ith these symptoms there is commonly moderate leuko- 
cytosis, without much change in the proportion of polymorphonuclear 
leukocytes The sedimentation rate is elevated Eosmophiha is unusual 

DIAGNOSIS 

The most important factor m making the diagnosis is to consider 
the possibility of amebic infection An infection with ameba should 
always be considered a possibility in a patient presenting an acute febnle 
illness with symptoms in the chest when the lesion involves the lower 
lobe of the right lung or the right region of the diaphragm or when a 
bloody pleural effusion is present 

A presumptive diagnosis can be made when there is an associated 
enlarged tender liver, a fixed elevated diaphragm and characteristic 
roentgenologic findings 

A positive diagnosis is reached by the characteristic response to 
emetine hydrochloride or by the finding of the causative organism, 
E histolytica, in the sputum or aspirated fluid A history of or the 
presence of dysentery is not essential to the diagnosis 

Diagnoses which are most commonly made when a patient has 
pleuropulmonary amebiasis are basal tuberculosis, a pyogenic abscess of 
the lung, carcinoma of the lung or liver, pyogenic subphrenic abscess, 
pennephntic abscess, pyogenic empyema, malaria, t}'phoid and dengue 
fever 

TREATMENT 

The specific therapy for amebic hepatic and pleuropulmonary involve- 
ment is emetine hydrochloride given subcutaneously The usually 
recommended dosage is 0 5 gram (003 Gm ) twice a day or 1 grain 
(0 06 Gm ) daily for six to ten days Before the institution of this 
treatment, the patient should have thorough cardiovascular studies, 
including an electrocardiogram, since the drug is primarily a protoplasmic 
poison that first affects the myocardium Toxicity is shown by lowering 
of the blood pressure and cardiac irregularity An adequate diet of pro- 
teins, carbohydrates and vitamins is indicated 

A full course of emetine hydrochloride is given in the presence of 
an abscess before other measures are considered except when the 
abscess threatens rupture as shown by an increase in size Aspiration 
of such an abscess by the method of Ochsner and DeBakey should be 
undertaken soon but preferably after two to four days of emetine hydro- 
chlonde therapy 

Klatskm has successfulh" treated several patients with hepatic 
abscess w ith emetine hydrochloride therapy alone His cntena for cure 
are (1) complete absence of pain and fever, (2) absence of enlargement 
of the liver, (3) absence of subcostal and compression tenderness and 
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(4) a normal white blood cell count and sedimentation rate To achieve 
these results the dosage must be adequate, and an initial course of 12 
grains (0 78 Gm ) is given If necessary, subsequent courses of 1 gram 
(0 06 Gm ) daily for six days are given, with two week periods of rest 
between courses The maximum dose required in any of his cases was 
27 grains (1 75 Gm ) 

In addition to emetine hydrochloride, the use of either diodoqum or 
chimofon is advisable In the presence of hepatic disease the arsenical 
amebacides such as carbarsone probably should not be used, but no 
known harm resulted from the use of this m the 3 cases reported here 

Open drainage of amebic abscess is contraindicated, since Ochsner 
and DeBakey have shown that open drainage without the use of emetine 



Fig 1 (case 1) — Roentgenogram shows tlie area of pneumonitis in the lower 
part of the right lung before treatment 

hydrochlonde gives a mortality rate of 48 2 per cent that open drainage 
w ith emetine hydrochloride gives a mortality rate of 1 5 3 per cent and 
that with emetine hydrochloride therapy alone the mortalit)'- rate is only 
5 5 per cent Exceptions to this general rule should probablv be made 
in the presence of abscesses secondarily infected from bronchial involve- 
ment and other causes wdnch have not lesponded to treatment with 
emetine hydrochlonde, penicillin and the sulfonamide compounds 

Rogers stated that wdien emetine In drochloride fails in superficially 
located abscesses of the left lobe of the Iner surgical drainage is indi- 
cated since aspiration in these cases has proved harnrdous 
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An amebic abscess of the lung should first be treated with emetine 
hydrochloride and penicillin or sulfadiazine Usually the involvement 
clears with a minimal scarring If cavitation persists or extends after 



Fig 2 (case 1) — Roentgenogram of the same patient after pneumoperitoneum, 
showing adhesions between the liver and the diaphragm at the site of the pulmonary 
infiltration 



Fig 3 (case 1) — Immediate clearmg of the pneumonitis after treatment vith 
emehne hydrochloride daily for ten days 


treatment, drainage is probably indicated We have had no expenence 
of nor have ^\e found any reference m the literature to persistent cavi- 
tation of the lung due to the Endamoeba after adequate treatment with 
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Fig 4 (case 2) — A, roentgenogram of the chest on admission of the patient 
to the hospital with involvement of the lower part of the right lung A broncho- 
pleural fistula was present B, the closed intercostal drainage tube in place, with 
clearing of the process 



Fig 5 (case 2) — Residual scarnng remaming after the use of emetine hydro- 
chloride and closed drainage. 
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Fig 6 (case 3) — A, roentgenogram of the chest on admission of the patient to 
another hospital showing an amebic abscess of the lower part of the right lung B, 
lateral view a few days later, with pneumonic imolvement of the lower lobe. 



Fig 7 (case 3) — ^The condition of the chest twenty-nine days after admission 
of the patient to Kennedy Veterans Administration Hospital The patient on 
admission nas to\ic, had an open thoracotomv tube, a total emp 3 ema and a bron- 
chopleural fistula 
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emetine hydrochloride, but we feel that cases m which this occurs should 
be studied and the treatment should be the same as that m any undiag- 
nosed cavitation of the lung 

Of our 2 patients at the Kennedy General Hospital and 1 at the 
Kennedy Veterans Hospital, 2 had empyema complicated by broncho- 
pleural fistulas One pabent was treated with emetine hydrochloride, 
intercostal drainage and penicillin and recovered with a minimum amount 
of residual scarring of the lung In the other a complete empyema, with 
a large bronchopleural fistula developed after open thoracotomy at 
another hospital This patient was treated with emetine hydrochloride 
closed intercostal drainage and decortication of the lung More details 
of the 3 cases follow 

REPORT OF CASES 

Case 1 (figs 1 to 3) — ^In a 25 year old Negro cough, fever and pain in the right 
side of the chest developed in August 1944 while he was a patient at another hospital 
A roentgenogram on September 26 revealed fixation of the right side of the 
diaphragm and an opacity m the lower lobe of tbe right lung On October 18 he 
was admitted to Kennedy General Hospital Bronchoscop> and a bronchogram 
were noncontnbutory Pneumoperitoneum (fig 2) revealed adhesions between the 
liver and the diaphragm at the site of the pulmonary infiltration, and E histolytica 
was found in the stools Emetine hydrochloride, 1 grain (0 06 Gm ) subcutaneously, 
was given daily from November 11 to 21 The fairlj pronounced clearing of the 
infiltration with descent of the diaphragm is shown m figure 3 A course of 120 
grams (7 7 Gm.) of chiniofon and 8 grams (0 52 Gm ) of carbarsone was given 
before discharge of the patient from the hospital On Jan 13, 1945, only a slight 
element of fibrosis with obliteration of the costophrenic angle, was present in the 
roentgenogram of the chest The patient was discharged from the Army vith a 
diagnosis of imqualified constitutional psychopathic state 

Case 2 (figs 4 and 5) — Pain in the nght lower part of the chest, nausea 
and vomiting, with weakness and loss of weight, developed in a 24 jear old white 
man in May 1944 On June 24 his ^temperature w’as 103 F smd he had a large 
tender liver The roentgenogram of his chest is shown in figure 4 A Six da^ s 
later, thoracentesis yielded reddish brown pus With the development of a broncho- 
pleural fistula, he suddenly expectorated large quantities of bloodj pus 

He was admitted to Kennedj General Hospital on Sept 7, 1944, acutely ill and 
unable to he flat m bed Amebas were found in the pleural fluid at the time the 
intercostal closed drainage was instituted Treatment with emetine hydrochloride 
was started the same day Figure 4 B shows tlie condition a few days later 

Two courses of emetine hydrochloride, carbarsone and vioform were gi\en, and 
he was discharged sixty dav s after admission He had gained 60 pounds (27 Kg ) 
in weight while in the hospital Figure 5 shows the residual fibrosis at this time 

Case 3 (figs 6 to 9) — A 21 >ear old white man became sick in Maj 1946 
with pain m the right side of the chest and in the right shoulder, feier and weak- 
ness Three weeks later a cough de\ eloped, with blood\ purulent sputum. He was 
admitted to a hospital on June 11, 1946, with these simptoms and the demonstration 
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of a cavity and other typical findings in the roentgenogram (fig 6) The red blood 
cell count was 3,700,000, the hemoglobin content 75 per cent and the white blood 
cell count 10,800, with 78 per cent polymorphonuclear cells and 1 per cent eosino- 
phils Sterile bloody pleural fluid was aspirated two weeks after the patient’s 
admission to the hospital A month after admission, a thoracotomy was performed 
Bloody fluid was found in large quantity After this the pleural space was 
irrigated with chlorazodin or acriflavine or buffered aqueous solution of sodium 
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Fig 8 — The graphic chart during the first month at Kennedy Veterans A 
IS shown The change in the clinical condition was even more striking 


hypochlorite, and he was given penicillin and sulfonamide compounds, all without 
effect On July 22, the right lung was collapsed, his red blood cell count was 
2,500,000, and his hemoglobin content 50 per cent 

He was transferred to Kennedy Veterans Hospital on Aug 8, 1946, with the 
thoracotomy wound, empjema and bronchopleural fistula There was tenderness 
in the right upper abdominal quadrant, and he had a daily temperature of up to 
103 F Culture of the fluid from the chest showed the presence of Proteus, 
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aerogenes, paracolon bacillus, Baallus pyocyaneus, Streptococcus and Staph>lo- 
coccus A Stedman pump was used to obtain suction through a large intercostal 
tube 

The space was almost obliterated bv displacement of the thoraac contents b> 
August 17, but there was poor aeration of the lung, and the displacement could not 
be maintained (fig 6 B) Bronchoscopic examination showed no pus, but a foul 
odor was present The septic condition continued, and the serum albumin content 
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istration Hospital The dramatic effect of emetine hydrochloride on the temperature 


dropped to 2 5 Gm in spite of frequent blood transfusion and tlie intraienous admin 
istration of amigen E histoljtica was found m the pleural pus on August 21 
Therapy wth emetine h> drochloride and carbarsone was begun on the same da\ 
and was later followed by the administration of diodoquin 

The graphic chart (fig 8) shows the immediate response B> September 21 
he had gamed 10 pounds (4 5 Kg ) m weight on a diet high m carbohidrate and 
protein He had no fever for the first time in three months and the red blooi’ 
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cell count \vas 4,500,000, the white blood cell count 13,000, the hemoglobin content 
14 S Gm per hundred cubic centimeters, the protein level and the albumin level 
4 5 Gm. 

Because of the persistent total collapse of the lung and the fistula, decortication 
and closure of the bronchopleural fistula with resection of a small portion of the 
lower lobe were done on September 24 

The fistula recurred, and the lung failed to expand completely On November 7 
a* second decortication and closure of the fistula were done The fistula remained 
closed, the condition on December 2, with the patient still under treatment, is 
shown in figure 9 



Fig 9 (case 3) — Partially expanded lung after the first decortication The 
bronchopleural fistula recurred 

SUMMARY 

1 Three cases of amebic mfectioi of the lung are reported 

2 The incidence of amebic infection m the United States is far 
more common than is realized 

3 Amebic hepatopulmonary dist ase occurs often enough to be 
included routinely in the differential diagnosis of diseases of the nght 
upper abdominal quadrant or right 'otver part of the chest 

4 The diagnosis is made by the finding of Endamoeba histolytica 
or by the specific response to emetmd hydrochloride 

5 Amebic infection of the liver and lung did not respond to any 
therapy until emetine h} drochloride was used 
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6 Suf'gical procedures, apart from aspiration, are not indicated 
except for complications such as a total empyema or bronchopleural 
fistula 

7 Of our 3 patients, 1 responded to emetine hydrochlonde the 
second was cured by the admimstration of emetine hydrochlonde and bj 
closed drainage of an empyema and the third, in whom the condition was 
complicated by prior surgical treatment, required emetine hydrochlonde 
and decortication 



TRAUMATIC BILIARY-BRONCHIAL FISTULA 

Wl^h Report of Two Coses Due to War Wounds 
CHESTER C GUY, MD 

AND 

HENRY T OLECK, MD 
CHICAGO 

A BILIARY-BRONCHIAL fistula results from some disease or 
injury winch establishes a communication between portions of the 
bihaiy^ and bronchial trees Altliough of infrequent occurrence, such 
fistulas resultmg from infection and abscess formation have long been 
recogmzed ^ The most common immediate cause is infection of the sub- 
phremc space, since tins location is in close proximity to both bihary 
and bronchial tracts If such infections spread upward via the lymphatic 
vessels through the diaphragm they may invade adherent lung tissue 
and eventually drain spontaneously thtough a bronchus Bronchial 
fistulas are reported to occur m about 10 to 12 per cent of all cases 
of subphremc abscess * Smnlarly, suppurative lesions of the liver may 
dram via a bronchus after becoming adherent to the diaphragm m the 
absence of a true subphremc abscess Amebic abscesses and echmo- 
coccic cysts of the liver, especially when secondanly infected, may thus 
eventuate m a bronchial fistula. These two diseases appear to be the 
commonest causes of bihary-bronchial fistula,® although Burgess * and 
McNee ® beheve the majority are due to suppurative processes m the 
bihary tract secondary to cholelithiasis Blockade of the common duct 
from a variety of other causes, such as neoplasms, surgical trauma. 

Read before the Chicago Surgical Society Jan, 3, 1947 

From the Department of Surgery, University of Illinois College of Mediane 
1 Graham, J E Observations on Broncho-Biliary Fistula with Reports of 
Two Cases, Bnt M J 1 1397-1400, 1897 

2 Ochsner, A , and De Bakey, M Subphremc Abscess Collected Review 
and Analysis of 3,608 Collected and Personal Cases, Intemat Abstr Surg GG 
426-438, 1938 , in Surg , Gynec & Obst, May 1938 Head, J , and Hudson, T R 
Subphremc Abscess with Bronchial Fistula, ibid 75 54-60 (July) 1942 

3 (o) Morton, J J , and Philhps, E W Broncho-Biliary Fistula Review 
of Recorded Cases Other than Those Due to Echmococcus and Amebic Abscess, 
Arch Surg 16 697-754 (March) 1928 (i>) French, R. W Bilio-Bronchial 
Fistula, ibid 30 635-638 (Apnl) 1935 

4 Burgess, A H Bronchobihary Fistula, Bnt J Surg 9 253-255 (Oct ) 1921 
5 Rolleston, H D , and McNee, J W Diseases of Liver, Gallbladder and 
Bile Ducts, ed 3, London, Macmillan & Company, Ltd, 1929 


316 



GUY-OLECK— BILIARY-BRONCHIAL FISTULA 


317 


tuberculosis, gumma and parasites, may result in hydrohepatosis 
Secondary or associated infection may then lead to involvement of the 
subplirenic space and an eventual fistula through the diaphragm and a 
bronchus The blocked and dilated bile ducts thus offer an obnous 
explanation for the continuous expectoration of bile One such fistula ® 
persisted for mne years The essential pathologic changes necessary for 
the establishment of a bihary-bronchial fistula are therefore to be found 
below the diaphragm and consist of a lesion in either the liver paren- 
chyma or the extrahepatic bile passages The resulting sputum ma^ 
contain bile mixed with other contents of a cavity, including purulent 
matenal, blood and necrotic liver tissue Even biliary calculi have been 
reported in the sputum ^ The term, bronchobiliarj^ fistula, as found in 
the older literature,'' is a misnomer, inasmuch as suppurative processes 
above the diaphragm rarely, if ever, extend downward into tlie Iner, 
the lymphatic flow being in the opposite direction 

In 1928 Morton and Phillips reported a case and made a com- 
prehensive survey of the literature on biliarj'-bronchial fistula Thev 
recorded a total of 50 cases exclusive of those known to be due to 
amebic or echmococcic liver disease In 1935 Frencli added to this 
collection Since that time, several others® have been reported which 
with the 2 cases herewith described, bnngs the total to 64 It is obvious 
that such fistulas are uncommon complications of nonparasitic liver 
disease They are even less common as a result of trauma Of these 
64 cases, only 6, mcludmg the 2 we descnbe, have resulted directh 
from external violence or wounds Our purpose is to review these 
6 cases and to advance certain observations regarding patholog)^ and 
treatment 

REPORT OF CASES 

Case 1 — History — Pfc GRP, white, Amencan, aged 28, was wounded bj 
a nfle bullet while on guard duty in France on July 9, 1944 The bullet entered 
the right anterior wall of the chest 2 inches (5 cm ) medial to the nipple at the 
level of the fifth nb and emerged posteriorly m the midscapular line o\er the tenth 
rib Ten hours later thoracotomy was performed at an evacuation hospital 
Portions of the tenth and eleventh nbs were resected and the pleural cawb 

6 Robson, A W M Biliary Pulmonarj Fistula Cured bj Hepatodochotomj , 
Practitioner 75 12-15, 1905 

7 Graham i- Morton and Phillips Seelig, M G , and Singer, J J Bron- 
chobiliary Fistula, Arch Surg 19 149-151 (July) 1929 

8 (o) Sugimura, Y Biliary -Bronchial Fistula, Ztschr d japan chir 

Gesellsch 36 45-47, 1935 (b) Matrosov, S A Biliobronchial Fistula, Vestnik 

khir 43 100-103, 1936 (c) Martsmkovskii , B I Problem of Biliobronchial Fis- 
tula and Fermentative Capacity of the Luer, Klin mcd 16 23-27, 1938 (d) Mil- 
ler, I D Broncho-Biliary' Fistula Following Stenosis of Common Bile Duct, 
Brit J Surg 27 425-426 (Oct ) 1939 (c) Picanmi, P Biho-Bronchial Fistula 
Clinical and Roentgenological Stud% of Case, Ann ital di chir 19 589-606 (JuB- 
Aug) 1940 
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explored Severe lacerations were sutured in the right lower pulmonary lobe 
and diaphragm The chest was closed tightly and catheter drainage of the pleural 
cavity instituted through a countenncision Following the operation his con- 
dition was fair, although he was dyspneic, with a sharp hackmg cough productive 
of blood-streaked sputum Three days after thoracotomy, aspiration of the right 
pleural cavity yielded 300 cc of bloody fluid and air Roentgenograms on 
July IS showed pneumothorax with fluid and about 10 per cent collapse of the 
right lung 

On July 18, nine days after being wounded, he first noticed a bitter tastmg 
sputum, slight in amount at first, but increasing daily thereafter 

On July 23 he was transferred to the 297th General Hospital and was first 
seen by us He complained of pain in the lower part of the nght side of the 
chest and the upper abdominal area He was dyspneic, with an irntatmg, per- 
sistent cough productive of a yellow bitter, blood-streaked sputum He appeared 
anemic Respirations were increased in rate and shallow The lower part of 
the nght side of the chest was dull to percussion, and the breath sounds were 
absent The thoracotomy wound was unhealed and gaping in the postenor 
portion The abdomen was soft but definitely tender over the area of the liver 
The blood pressure was 108 systolic and 68 diastolic, the temperature 1022 F, 
respirations 28 and pulse rate 104 Laboratory findings mcluded red blood 
cells 3,210,000, white blood cells 20,040, hemoglobin 70 per cent Unnalysis gave 
normal results Examinations of the sputum was reported as yieldmg negative 
results with the tests for bile usually made on specimens of urine. Roentgen 
examination (fig 1) was reported by Lieut Col Elbert K Lewis as showing fluid in 
the right pleural cavity with 20 per cent compression of the lung There was 
marked elevation of the right side of the diaphragm The shadow of the liver 
was altered by an area of decreased density suggesting a tissue defect A cloudy, 
serous fluid, ISO cc, was aspirated from the nght side of the chest and a blood 
transfusion was given The future course of this patient by dates was as follows 

Treatment and Course — July 26 He appeared improved The cough was 
decreasing in frequency, but he was expectorating 4 to 6 ounces (118 to 178 cc ) 
of yellow bitter mucoid sputum every twenty-four hours 

August 3 The patient had improved m the last eight days About 4 ounces 
of sputum was generally raised per day, in one or two coughing spells The 
temperature was 99 4 F , the pulse rate 108 and the respirations 22 The character 
of the sputum had suddenly changed to thin, yellow fluid resembling almost pure 
bile Few blood streaks were present in it The amount of sputum had increased 
to 8 ounces (236 cc ) daily Later in the day the patient complamed of a burning 
sensabon in the right side of the chest and had frank herpoptysis of about 
80 cc of bright red blood 

August 4 Phrenic nen'e crush was performed under local anesthesia through 
a right supraclavicular incision This was decided on because of doubt as to 
whether the lung or the liver was the source of bleedmg 

August 6 The patient’s condition was greatly improved The cough was 
decreased and he raised only about 2 ounces (60 cc.) in twenty-four hours , it 
was mucoid in character with few' blood streaks and no gross evidence of bile. 
The patient was afebnle and pain was minimal 

August 8 He had a severe coughing spell with hemoptysis of SOO cc of 
blood, followed by a prolonged chill and a temperature of 104 Transfusions of 
whole blood and dextrose were given Artificial pneumotliorax was attempted, 
but was unsuccessful No conclusion was reached as to the source of the hemor- 
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rhage, but it was believed to be probably of hepatic origin At one time the 
patient complained of pain and tenderness in the lower right quadrant of the 
abdomen, and there was some ngidity suggesting the possibility of biliary leakage 
into the pentoneal cavity These symptoms subsided in twenty-four hours 

August 9 Repeated and more severe hemoptysis of 900 cc of blood occurred 
Transfusions of whole blood were given The patient’s condition ivas serious 
Physical findings were about the same, although there was less clinical and 
roentgen evidence of fluid in the right side of the chest Abdominal tenderness 
over the hepatic area was more marked It was now felt that the limit of con- 
servabve treatment had probably already been overstretched and that death from 



Fig 1 (case 1) —Roentgenogram taken July 24 shows 20 per cent pneumo- 
thorax with fluid and partial resection of right tenth and eleicnth nbs Decrease 
in density in the liver shadow was proved at operation to be a large necrotic 
cavity, due to trauma bj bullet Tract of bullet shown bj irregular line extending 
doivnward and lateralh in the liver shadow 

exsanguination w as imminent unless the hemorrhage could be checked bj surgical 
means 

August 10 Operation was performed for bleeding biliarv -bronchial fi'tula 
Capt E R Donahue induced intratracheal nitrous oxide o\\ gcn-cther anesthesia but 
onlv w ith great difficult) because of the poor condition of the patient and the constant 
bleeding into the bronchial tree The right pleural cavatv was entered through a 
posterolateral thoracotomv incision with removal of about 10 indies (25 cm ) of 
the nintli nb The lower pulmonarv lobe was carefuilv freed of semifimi adliesions 
between it and the wall of the chest and diaphragm Adhesions were particular!) 
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firm around a defect m the lateral medial portion of the diaphragm measuring 
about by inches (9 by 4 cm ) in size. Through this defect the fingers 
could be inserted into a large cavity at least 4 inches (10 cm) in diameter in 
the right lobe of the liver The subdiaphragmatic space appeared well walled off 
by adhesions The cavity was filled with necrotic yellow-brown hepatic tissue 
and blood clots old and recent, and bleeding was constant from it A fist-sized 
mass of blood clots and necrotic tissue were easily scooped from this cavity, but 
the bleeding from it became so alarming that no attempt was made to empty it 
completely On the diaphragmatic surface of the lung there was a necrotic 
depression approximately 2 inches (5 cm ) in diameter and 1 inch (2 5 cm ) deep 
An open bronchus about 6 mm m diameter was clearly visible in the wall of this 
cavity A wedge-shaped segment of lung including the cavity was resected and 
the defect closed with black silk sutures The bronchial opening was closed by 
separate sutures Bleeding from the liver was controlled by firm packing with 
about 12 yards of 3 inch (7 5 cm ) dry bandage gauze. The thoracotomy wound 
was closed at both ends, leaving the center open for access to the liver cavity 
and for drainage Extensive pleural adhesions made any marked pulmonary 
collapse unlikely The patient’s immediate postoperative condition was extremely 
poor although blood transfusion was continued durmg and after operation 

August 11 (second postoperative day) The patient was coughmg moderately 
and raised blood-streaked sputum No bile was visible in the sputum, and its 
bitter taste was gone The dressings were saturated with a copious bloody yellow 
discharge 

August 16 (seventh postoperative day) The packing in the liver had not 
been disturbed On this day a sudden hemorrhage of about 500 cc of blood 
occurred from the masion m the chest The packing in the liver was reenforced, 
and a tight surface dressmg was applied The temperature was 101 6 F , the 
pulse rate 130 and the respirations 28* Cough was slight The main complamt 
was pain in the upper right quadrant of the abdomen. 

August 21 (twelfth postoperative da>) All packing was removed Through 
the thoracotomy one could look directly through the hole m the diaphragm into 
a portion of the liver cavity The portion visible appeared to be lined by healthy 
granulation tissue, and there was no fresh bleeding A sterile tray, with gloves, 
long forceps, gauze pack and dressings, was kept at the patient’s bedside, and 
this was found to be a valuable forethought 

August 22 A sudden severe hemorrhage occurred from the liver, with a loss 
of an estimated 1,000 cc of blood Also extruded was a large soft brown mass 
of necrotic liver tissue, 10 by 3 by 2 cm in size The hemorrhage was promptly 
checked by rapid repacking with many yards of 4 inch gauze Durmg each of 
these repackmg procedures the patient complained of only a moderate amount 
of pain, controllable by morphine 

August 28 For a week the patient had been comfortable, eating well and 
with no cough Much clear bile still stamed the dressings On this date a third 
hemorrhage of approximately 1,000 cc. occurred suddenly The old pack was 
removed and another inserted It was noted that the liver cavitj appeared 50 to 
60 per cent smaller than at the operation, and the defect in the diaphragm was also 
greatly reduced in size. 

September 6 Most of the packing had been extruded mto the pleural cavity 
All of it was removed The defect in the diaphragm and liver now appeared as a 
shallow ulcer The discharge was reduced in amount and there was no fresh 
bleeding 



GUY-OLECK— BILIARY-BRONCHIAL FISTULA 


321 


October 10 By this date all drainage had ceased, and tlie thoracotomj ^^ound 
was healed , the patient felt well and was up and about (fig 2) 

November 22 The roentgenogram (fig 3) shows complete reexpansion of 
the right lung and healing of the liver defect The patient uas transferred in 
excellent condition to the United States Two months later he wrote that he felt 
well and was able to do heavy work 

Other Therapy Durmg treatment the patient was also given the following 
medicaments, whole blood and plasma 

Penicillin, total amount 1,680,000 units 

Sulfadiazine, total amount 42 Gm 

tVhole blood, total amount 7,650 cc 

Plasma, total amount 3 000cc 

Summary — The patient had a thoracoabdominal perforating bullet w'ound on 
the right side After nine days a biliary-bronchial fistula developed After 
twenty-four days he began to have severe hemoptysis After thirty-one dajs the 
bihary-bronchial fistula was excised through a transthoracic approach, and a 
bleeding necrotic cavjty in the liver was treated by repeated packing Full 
recovery occurred 

Case 2 — History — Pvt M S, aged 25, suffered a perforating bullet w’ound 
of the upper part of the left arm on July 4, 1944 About one hour later he was 
again wounded by a mortar -shell fragment which entered the anterior part of 
the right side of the chest at the level of the second nb in the midclavicular line 
Exammation later showed this fragment to have passed through the right lung 
and diaphragm and lodged m the liver After four hours the patient reached an 
aid station, where his wounds were dressed and plasma administered On July S 
at an evacuation hospital the wounds w-ere debnded and 600 cc of blood aspirated 
from the right pleural cavity _ On July 14 he was transferred to a general hos- 
pital, where the right side of the chest was aspirated of 400, 500 and 540 cc of 
blood on the following three successive days He was dyspncic and had con- 
tinued to have a low grade fever since July 5 He also complained of severe 
pain in the upper part of the left arm, and there was evidence of a lesion of the 
median nerve, for treatment of w'hich he was transferred to a neurosurgical 
hospital 

Treatment and Course — On July 21 he was admitted to the 5Sth General Hos- 
pital on the surgical service of LieuL Col Joseph Roberts At a later date, one 
of us (E T O) saw this patient, and Colonel Roberts gave us permission to 
report the case A diagnosis was made of severe causalgia of the left median 
nerve, and this was relieved bj blocking of the stellate ganglion 

On Jul> 26 sympathectom> was performed on the second and third dorsal 
ganglions after excision of a portion of the fourth nb Exploration of the ulnar 
and median nerves of the upper part of the left arm was done on August 7 
From July 21 to August 19 the sjmptoms in the chest were quiescent, but on 
the latter date, forty-five days after woundmg, he complained of pain and tenderness 
in the nght upper quadrant of the abdomen, and his temperature rose to 101 A 
roentgenogram (fig 4) taken on August 22 showed the right side of the chest 
apparently clear, but an area of decreased densitv with a fluid level was noted 
below the diaphragm This appeared to be well above the foreign bod> md was 
interpreted as evudence of a gas-containing intrahcpatic abscess Penicillin and 
sulfanilamide therapy vv-as started, but his condition grew worse 

At operation, August 22, the right anterior subphrenic space was opened through 
a small subcostal incision, and about 600 cc. of bile-stained purulent matcml 



Fig 2 (case 1) — Drawing made September 10, thirty dajs after repair of 
biliary-bronchial fistula and packing of bleeding necrotic cavity in liver Scarnng 
of the nght posterolateral wall of the chest due to bullet wound and two thora- 
cotomy inasions A small central opemng persists in the second incision 



Fig 3 (case 1) — Roentgenogram taken November 22 shows resection of the 
ninth rib at the second operation, complete reexpansion of the right lung and 
irregularity of the right side of the diaphragm The previous defect in the liver 
IS not visible 
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was evacuated A 22 F catheter was inserted for drainage. During the following 
week the patient was much improved and the temperature was normal The dram 
was removed on August 30 On September 4 the temperature again rose and on 
September 7 the patient suddenly coughed up about SOO cc of foul-smelling, bile- 
stained purulent matenal This was the first evidence of a biliarj -bronchial fistula 
and appeared sixty-four days after the thoracoabdominal shrapnel wound The 
cough persisted, with bile-stained sputum, and w'as very irritating The patient 
complained of the bitter taste of the sputum On September 8 the old incision 
was reopened and from the subphremc space again drained a small amount of 
mixed pus and bile For the next eleven days the patient continued to ha\e a dis- 
tressing cough productive of small amounts of bde-stained purulent sputum A 
low grade fever persisted, and his condition gradually grew worse 

On September 19 a third operation was performed Through a right rectus 
incision the anterior subphremc space was more thoroughly explored and an 
abscess cavity measunng 3 by 2 inches in size was found in the luer A 2 b\ 1 cm 



Fig 4 (case 2) — A, a roentgenogram was taken on August 22, forti -eight da\s 
after the patient received a thoraco-abdominal wound on the nght side A foreign 
bodv IS visible in the liver The cavitj wnth fluid le\el interpreted as intra- 
hepatic Partial excision of the left fourth rib was performed for sj mpathectomj , 
to relieve causalgia of the median nerve following bullet wound in the left upper 
arm B, a roentgenogram was taken on October 9 nlnetJ-fi^e dajs after wounding 
of the patient A cavity is still visible in the ll^er area There are endences of 
scarring in tlie nght lower pulmonarj' lobe, of diaphragmatic pleural adhesions and 
of fluid in nght pleural cavity The biliarv bronchial fistula had closed spontane- 
ously by this date, after drainage of the subphremc space and fiver abscess, and 
remov-al of the foreign body 


metallic foreign bod> was removed from the cavitv and cigarct drams inserted 
through the incision, w hich w as then closed around the drains The patient s 
cough markedlj decreased, as did the amount of sputum Bj October 7 cough and 
expectoration had completely ceased The biliarv -bronchial fistula Ind closcil 
spontancouslj after persisting for thirtv davs \ roentgenogram (fig ol taken 
on October 9 revealed more definite evadcnce of a pathologic process in the chert 
with a cloudiness in the nght lower pulnionarv field A w cdge-slnpe-d shadov 
resembling pleural adhesions extended upward from the inner asjxict oi the dome 
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of the chapliragin The gas-contnjninp cimU ^\^s 'sttll Msiblc \t thi'; time tlicrc 
was another rise in toinpcratnrc to 102 F. with clinical e\idcncc of fluid in the 
right pleural ca\ntj .\spiration of the chest was not done On October 11 the 
subplircnic space was again opened through the rectus incision A moderate anioiiiit 
of pns was ca-acnated a large catheter was introduced for drainage, and the inasion 
was onh partialh closed Daih saline irngations were introduced through the 
catheter 

B\ Noa ember 1 the patient had been afchnle for two weeks, had gained IS 
pounds (6 8 Kg) in weight and felt well His further progress toward rccoaery 
was uneaentful 

Suwwarv — The patient had a thoracoab<lominal shrapnel wound on the right 
side with hemothorax and a metallic foreign bod\ in the liver After fortv-si\ 
davs there wais evidence of liver abscess \fter sixtv-four davs a bihan'-bronchial 
fistula occurred In iiinetv-four davs the fistula had closed, after four operations 
for drainage of abscess of the subplircnic space and liver and removal of an intra- 
hepatic foreign bodv The patient recovered 

REMEW or THE LITER VTURE 

Gmlimn^ in 1897 reported the case of a man m whom the right 
anterior wall of the chest was injured when kicked bj' a horse Seven- 
teen davs later he coughed up bile, but there was no expectoration of 
blood Two operations were perfonned for drainage of the right pleural 
cavitv which contained bile, but no mention is made of treahnent 
directed toward the biliarv -bronchial fistula The patient made a slow 
recov erv 

Tvnnan '* in 1909 cited a case due to a gunshot wound The missile 
entered in the nght nipple line over the fifth rib and emerged in the 
nndscapular line posteriorlv between the ninth and tenth nbs The 
w ounds w ere ot a sucking tv pe and w ere treated b} packing One w cek 
later the dressings were bile soaked and there was necrotic hepatic 
tissue in the drainage Bile was expectorated m the sputum Thirty- 
four dav s after vv oundmg the chest vv as opened by resection of the fifth 
and sixth nbs m the axillarv line A finger-sized strand of tissue con- 
taining the fisttila caused adhesion of the diaphragm to the lung This 
was treed and a large wedge-shaped cavitv vvitli thick connectiv'e tissue 
walls was tound m the region of the fistula Drainage of the chest was 
instituted The patient improved and the wound was closed tvventv-tvvo 
davs later 

Elliott and Henrv m 1^16 reported a case of a soldier m whom 
an infected hemothorax developed alter a shrapnel wound of the left 
side of the chest Some davs later the sputum became bile streaked, 
and on the tvv entv -sixth dav after the patient vv as vv ounded an einpv cma 

0 Tvrmm T Em Bcitrag zur Kenntms dcr Gillengvng-Bronchusfistcl, 
Arch f khn Qur S9 -13-1-lvO 190*^ 

10 Elhott T K, and Henrv H G M \ Case ot Qiolo Haemothorav 
Bnt M T 1 0 (Tan 1) 1916 
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cavity on the left side of the chest was drained surgically The expecto- 
ration of bile continued for ten weeks, and during tins penod the patient 
coughed up one or two fleshy masses of necrotic liver tissue The 
empyema closed in fourteen weeks, after which the patient made a rapid 
recovery No mention is made of hemoptysis or of roentgen findings 

Loe and Loe “ in 1930 reported the case of a 12 year old boy who fell 
into a well and suffered a penetrating wound of the right posterior v all 
of the chest with fracture of tlie right eighth rib During the next four 
days the clinical course and physical findings suggested the diagnosis 
of a septic hemothorax on the nght side The child coughed consider- 
ably, with bloody expectoration Thirteen days after the injury the 
sputum appeared yellow, and the patient complained of its bitter taste 
Four days later aspiration yielded thick pus and a small amount of 
blood from the nght side of the chest Under local anesthesia a portion 
of the right ninth nb was resected, and old clotted blood and pus were 
evacuated from the pleural cavity A thumb-sized adhesion extended 
upward from the dome of the nght leaf of the diaphragm to the col- 
lapsed lung When this connection was severed a profuse flow of bile 
was noted Rubber tube drainage of this biliary fistula and of the chest 
was instituted Coughing decreased after operation, and the expecto- 
ration of bile stopped immediately Drainage of bile from the uound 
ceased m five days The patient made a satisfactory recovery and a 
roentgenogram of the chest showed that it was normal five months later 

In 1913 Stumpff recorded a case of long-standing biliar}' tract dis- 
ease in which diaphragmatic pleurisy developed This was aggravated 
when the patient was knocked down by a bicycle Three days later 
expectoration of bile occurred Death resulted ten weeks later, and 
autopsy showed obliteration of the common bile duct with a biliarv- 
bronchial fistula mvolvmg it and the duodenum It is doubtful if the 
fistula in this case can be attributed to trauma 

In view of the frequency in wartime of combined thoracoabdominal 
wounds involving both liver and lung, it is perhaps surprising that so 
few cases of traumatic bihary-bronchial fistulas have been reported 
That this IS not due to an excessive and early mortaliU rate is borne 
out by G Gordon Taylor’s statistics that 70 per cent of patients v ith 
abdominothoracic wounds on the right side sunnve, and 50 per cent 
of those with similar wounds on the left side Wounds of the Iner are 
usually either rapidly fatal from hemorrhage or else heal surpnsingK 

11 Loe, A O and Loe, R H Bronchobiharj Fistula, S Oin. North America 
10 1109-1117 (Oct) 1930 

12 Stumpff, J E Een geral -can biho-pulmonaal fistel, Nedcrl tijd^chr \ 
geneesk, 1 232-236, 1913 

13 Maingot, R , Slesingcr, E S , and Fletcher E. Abdominal Injunes ot 
Total Warfare, in War Wounds and Injuries London Edward Arnold &. Co 1937 
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well It IS well known that portal blood and liver tissue harbor bactena 
whicli may be pathogenic but there is no evidence that wounds of the 
liver per se show any particular tendency to become infected Elliott 
and Henry report that m a study of approximately 500 wounds of 
the chest, many witli associated hepatic damage, there were only two 
external biliary fistulas, both of which closed spontaneously witlun thirty 
days It would seem, therefore, that when wounds of the liver become 
septic they are apt to do so as a result of retamed foreign material or 
from sizable fragments of liver tissue whicli become necrotic as a result 
of loss of blood supply One of us (C C G ) has, on numerous occa- 
sions, observed bullet paths through the liver at autopsy If death has 
occurred several da3^s after the wound is incurred tlie tract of the missile 
through the liver is lined by a yellow or yellow-brown zone repre- 
senting bile-stamed necrotic liver cells often surrounding a central small 
zone of hemorrhage These necrotic cells are readily absorbed or walled 
off by granulation tissue, the recuperative power of the liver being 
remarkable These granulations are replaced by scap tissue which readily 
blocks off the thin-walled compressible bile capillanes If bile is to con- 
tinue to escape from opened ducts or radicals, certain other pathologic 
features must exist The intraductal biliarj^ pressure may be elevated, 
and this undoubtedly is one explanation for tlie cases of biliar}'- 
bronchial fistula which have followed surgical operations on the extra- 
hepatic bile passages If necrotic liver tisue exists, an abscess cavity may 
result witli wudespread opening of numerous bile ducts In such cases the 
expectoration or drainage of tlie necrotic tissue is not surpnsing With 
this type of pathologic process it would seem that the opening of 
numerous blood vessels should also occur if the bile channels are opened, 
and hemoptysis wmuld result Yet only in our case 1 has hemorrhage 
been an outstanding feature We may conclude that biliary-bronchial 
fistula will continue to be an infrequent sequence of iiijunes to the liver 
since the factors necessary for its development usually either do not exist, 
or if present lead to early death from hemorrhage or sepsis This 
perhaps accounts for the fact that these fistulas are either not mentioned 
or are but briefly discussed m some of the recent textbooks on disease 
of the chest and thoracic surgery In the latter references no mention 
is made of a traumatic causation 

The pathologic symptoms and findings in biliary-bronchial fistula 
were discussed by Morton and Phillips,®“ who noted that the first 

14 French s** Matrosov 

15 Sauerbruch, F , and O’Shaughnessy, L Thoraac Surgery, London, Edward 

Arnold & Co , 1937 

16 Cooke, R Diseases of the Chest, Edinburgh, E & S Livingstone, 1944 

Graham, E A , Singer, J J, and Ballou, H C Surgical Disease of the Chest, 
Philadelphia, Lea & Febiger, 1935, , 
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recorded cases were described by Mandard in 1854 The patliologic 
process must include adhesions between the liver and the diaphragm as 
uell as adhesions between the diaphragm and lung A potential cavity 
must ongmally exist either in tiie liver as an abscess, or in a Mailed 
off subphremc or intrathoraac space Large or dilated bile ducts and 
bronchi must both communicate uith this space to form a fistula The 
fistulous tract must ha\e ualls firm enough to prevent their collapse 
and closure b\ debns The coiiunonest location of the fistula is over the 
dome of the right lobe of tlie hver,® connecting uith the posterior or 
lateral portion of the nght lower pulmonary lobe Fistulas through the 
left side of the diaphragm and left lung have been reported Tlie lining 
and Myalls of the bronchial tree shorv a surprisingly slight reaction to 
the bile 

SjTnptoms and findings in cases following trauma are usually those 
of hemothorax or of empjema m the early stages The nature of the 
injurj' is such tliat trauma to the liver may be presumed Whth the 
appearance of bile in the sputum the patient complains of a persistent 
and imtating cough The quantity of bile expectorated may varj' from 
bar el) enough to tint the sputum to 1,200 cc daily With it ma} be 
found blood in hquid or clotted form, debris and necrotic bits of liver 
tissue The bile should be identifiable by the usual laborator^^ tests, but 
m our case 1 no conclusive positive results could be obtained by Ober- 
ma>er’s reagent or the nitnc acid test The reaction of the sputum is 
alkaline, which distinguishes it from that due to vomitus 

In these 6 cases 4 w'ere clearly due to a combined thoracoabdominal 
bullet or shrapnel wound In the case due to a kick by a horse we 
surmise that there w^ere both pulmonary and hepatic injunes The 
sjmptoms and findmgs in the traumatic cases should include evidences 
of injur)" both above and below the diaphragm An apparent enlarge- 
ment of the liver may be due to downward displacement of this organ 
from pressure by a subphremc abscess but this may be compensated 
b) paralysis and elcA'ation of the diaphragm If the fistulous tract 
through the lung is small, there need be but little if any eindence of a 
pulmonary pathologic process on physical examination Roentgen exami- 
nation may reveal the pathologic area partially or completely, as it did 
in the early stage of our case 1 and in the later stage of case 2 
Evidence of consohdation at the base of the lung or immobile diaphragm 
and some defect m the contour of the dome of the liver are to be sought 
If the hepatic or subphremc abscess is parth eracuated, a fluid le\el 
may be seen m it 

The diagnosis is obvious wnth the appearance of bile in the sputum 
although if the patient is jaundiced the expectorated secretions ma\ be 
) ellow" m the absence of a true fistula In our case 1 as much as 250 cc 
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of clear bile was expectorated daily and a great deal more was mixed 
with blood The patient volunteered that the expectoration had a bitter 
taste “hke bile ” 

Laird and Wilkerson and Razemon have described how the diag- 
nosis can be made by bronchoscopies injection of iodized oil This 
procedure should also be of value m determimng the extent of the 
pathologic process even if it were not necessary for diagnostic purposes 

TREATMENT OF BILIARY-BRONCHIAL FISTULA 

The treatment of bihary-bronchial fistula must be based on con- 
siderations of causation, duration and progress of the clinical findings 
and extent of the assoaated pathologic process The prophylactic treat- 
ment IS almost entirely a matter of the proper early treatment of 
thoracoabdommal wounds This has now been fairly well established 
as a result of the accumulated war experiences of many surgeons and 
IS adequately described m a recent article by Snyder He discusses 
the Yalue of a transthoracic approach and advocates the subdiaphrag- 
matic drainage of wounds of the hver when necessary through a sepa- 
rate subcostal or loin incision after tight closure of the diaphragm 
He recogmzes that fatal hemorrhage may occur from wounds of the 
hver that have not been packed or sutured, but believes that drains 
should never be brought out through the pleural cavity This is unques- 
tionably the choice of procedures in fresh wounds, but it is not appli- 
cable to late cases, as illustrated by case 1 When a biliary-bronchial 
fistula makes its appearance, regardless of the type of original wound 
or of the early surgical procedures, it becomes obvious that the essential 
pathologic condition contributing to this fistula is in the liver Three 
courses of treatment then suggest themselves The first is to do little 
or nothing in the hope that nature will effect a cure Spontaneous 
recovery can be expected in about 50 per cent of cases,®“ but may result 
only after a prolonged and debilitating illness, dunng which time other 
senous comphcations are to be feared A conservative program w'as 
followed in case 1 until the severe and repeated hemorrhages made it 
apparent that the patient would die of exsanguination without radical 
surgical aid In less severe cases, crushing of the phrenic nen^e and 
pneumothorax therapy might be of some help, but they were of no value 
to this patient, and it is difficult to believe that much could be expected 
of such measures when the essential pathologic process is in the hver 

17 Laird, W R, and Wilkerson, W V Biliarj -Bronchial Fistula First 
Recorded Case Demonstrated by Lipiodol, Am. J Surg 15 317-320 (Feb ) 1932 

18 Razemon, P , Bizard, G , and Lambret, M Bihary-Bronchial Fistula, 
Following Lithiasis with Report of a Case, Rev de chir. Pans 52 485-505 
(July) 1933 

19 Snjder, H E The Management of Intra-Thoraac and Thoraco-Abdominal 

Wounds in the Combat Zone, Ann. Surg 122 333-357 (SepL) 1945 
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The second method of treatment is to establish drainage of the sub- 
phrenic space and liver abscess without disturbing the lung Morton 
and Phillips recommended this method of treatment, using local anes- 
thesia and entering the subphrenic space through the diaphragm below 
the pleural reflection They argued that this approach avoids tlie danger 
of pneumothorax and infection of the pleural cavity and that adhesions 
in the subphrenic space prevented peritoneal contamination The sub- 
diaphragmatic approach was employed in case 2 but repeated operations 
were necessary to establish adequate drainage Entrance into a liver 
abscess through the subphrenic space is not easy if that space is oblit- 
erated by dense adhesions, as it may be if the disease is of consider- 
able duration This approach does not faalitate closure of the opening 
through the diaphragm 

The third method of attack is through the pleural cavity and it 
would appear to be the one of choice in the majority of such cases 
This permits the lung to be freed from the fistulous opening in the 
diaphragm, after which the bronchial fistula may be closed It allots 
exploration of the lower pleural ^cavity and drainage of any pockets of 
pus, blood or bile Through this approach it is possible to enlarge the 
fistulous opening in the diaphragm and to explore the subphrenic space 
and underlying hepatic lobe It permits the evacuation and packing of 
a cavity m the liver and, as illustrated by case 1, such a cavity may 
be repacked at frequent intervals if necessary The objections to this 
approach are that it may open up uninfected areas of the pleura, and 
that it produces an open pneumothorax with consequent pulmonar}' 
collapse of some degree These objections in our opinion are not of 
sufficient importance to outweigh the obnous advantages 

SUMMARY AND CONCLUSIONS 

Four cases of biliary-bronchial fistula due to external violence have 
previously been descnbed We add two more, making a total of only 
6 reported so far These apparently have all resulted from combined 
thoracoabdominal injunes, 4 of them being due to bullet or shrapnel 
wounds An explanation is suggested for their rarity in view of the large 
number of warbme injuries of this nature The essential pathologic 
process is in the liver, and effective surgical therapy must be primarily 
directed to this organ A transthoracic approach is recommended for 
closure of the bronchial fistula and for adequate exploration of the pul- 
monary, pleural, diaphragmatic and hepatic lesions Drainage through 
this approach and repeated packing, if necessary^ of a bleeding hepatic 
abscess cavity is readilv accomplished 



CONGENITAL ATRESIA AND TRACHEOESOPHAGEAL FISTULA 

Four Consecutive Coses of Successful Primary Esophageal Anastomosis 

WILLIAM P LONGMIRE Jr, MD 
BALTIMORE 

T he cases discussed m this paper are presented with two purposes 
in mind (1) to direct attention again to a congenital anomaly 
which if imtreated is incompatible with life, but which now can fre- 
quently be satisfactonly corrected by surgical procedures, and (2) to 
discuss certain steps in the care of these patients which have not been 
emphasized in previous reports by others 

The most common congenital anomaly of the esophagus is complete 
atresia , the upper segment ends in a blind pouch and the lower segment 
commumcates with the trachea near the bifurcation It is now generally 
agreed that m these cases the esophagus should be explored, the fistula 
ligated and if possible an end-to-end anastomosis of the esophagus, 
as recommended by Haight,^ performed If the anomaly is such that 
an anastomosis is not feasible, the oral segment is extenonzed, the 
fistula ligated at the trachea and a gastrostomy performed The two 
external fistulas are later jomed by some type of antethoracic channel 
(Ladd,* Longmire and Ravitch ®) 

From March 1945 to November 1946, 5 infants with congenital 
atresia of the esophagus and tracheoesophageal fistula were operated 
on In all instances the fistula was ligated and an end to end anasto- 
mosis of the esophagus performed The first patient died immediately 
after operation In the last four consecutive cases the operations have 
been successful These children are takmg all feedmgs by mouth and 
are gaimng weight satisfactonly One infant in whom a successful 
repair was performed was bom prematurely at seven months’ gestation, 
and weighed only 1,400 Gm (3 1 pounds) at the time of operation 
In general, our treatment in these cases has followed that recommended 
by Haight ’• 

From the Department of Surgery of the Johns Hopkins Umversity School of 
Medicme and Johns Hopkins Hospital 

1 Haight, C, and Towsley, H A Surg, Gynec. & Obst 76 672, 1943 
Haight, C Ann Surg 120 623, 1944 

2 Ladd, W E New England J Med 230 625, 1944 
3 Longmire, W P , and Ravitch, M M Ann Surg 123 819, 1946 
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DIAGNOSIS AND PREOPERATIVE TREATMENT 

Diagnosis and preoperative treatment have been amply discussed 
by Haight,^ Humphreys,* Daniel,® Ladd,^ Lam® and others There 
are a few pertinent points, however, which should be emphasized 
Passing a small catheter down the esophagus as a diagnostic measure 
may give misleading information unless the procedure is carried out 
under a fluoroscope, as the catheter may double back in the dilated 
upper esophageal pouch so readily as to give the impression that it is 



Fig 1 — Roentgenogram of chest and abdomen of J B The oral segment of 
the esophagus filled with iodized poppyseed oil ends at the level of the second dorsal 
vertebra Fluoroscopy demonstrated that segment descends to the Ie\el ol the 
fourth dorsal vertebra Air in the stomach and intestine indicates communication 
between the distal esophageal segment and trachea 


passing through the esophagus into the stomach This mishap occurred 
in 1 case and delayed the proper diagnosis for several hours 

4 Humphreys, G H Surgen 15 801, 1944 

5 Dame], R A Ann Surg 120 764, 1944 

6 Lam, C R Surgery 20 174, 1946 
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Before operation the length of the upper esophageal pouch can best 
be determined by observing the segment filled with iodized poppyseed 
oil 40 per cent or diodrast under the fluoroscope The segment under- 
goes frequent contractions as the infant cnes or swallows, and if only 
a single roentgenogram is taken it may happen to be made dunng a 
period of contraction Thus the picture will show such a short oral 
segment that the advisability of attempting a primary esophageal anas- 
tomosis might be questioned, whereas a much greater length would be 
demonstrated by fluoroscopy (fig 1) Immediately after the roentgen 
examination the opaque material is removed from the upper esophageal 
segment to prevent its aspiration If too great a quantity of opaque 
solution IS placed in the oral segment it may be aspirated into tlie lover 


Table 1 — Condition of Patients Before Operation 


Case 

Age 

Term or 
Premature 

Weight, 

Gm 

Level 

Upper 

Segment 

Air State of 

in Pneu Hydra 
Stomaeb monla tion 

Type 

Anomaly 

(Vogt) 

Other 

Anomalies 

C M 

6 

days 

Premature 

7 months 

1,600 

4th dorsal 
vertebra 

Tes 

No 

Good 

niB 

Cleft palate, 
atresia ex 
temal audi 
tory canal, 
left 

T P 

6 

days 

Term 

2,420 

6th dorsal 
vertebra 

Tes 

No 

Good 

niB 

None 

M A 

6 

days 

Term 

2,610 

4th dorsal 
vertebra 

Tes 

No 

Fair 

IHB 

Meningocele 

J B 

3 

days 

Term 

2 400 

4th dorsal 
vertebra 

Tes 

Bales 

at 

both 

lung 

bases 

Good 

niB 

None 

P W 

8 

days 

Premature 

1,400 

3rd dorsal 
vertebra 

Tes 

No 

Good 

IHB 

Atresia of 
anus, recto- 
vaginal fls 
tula 


f 

portion of the trachea A subsequent roentgenogram of the chest may 
show the material helow the level of the blind pouch, thus suggesting 
that the patient has a stneture of the esophagus rather than a true 
atresia 

All of tlie infants in the senes discussed in this paper were in 
relatively good general condition when first seen, and after a bnef 
mten'al to allow adequate hydration and blood transfusion, operation 
was performed Constant suction was maintained by means of a 
catheter m the nasopharynx, and penicillin was given until the time 
of operation The condition of these patients before operation is 
summanzed m table 1 


OPERATIVE TECHNIC 

In all cases ether-cj clopropane anesthesia was used, and no ill effects from the 
anesthesia haie occurred. Quiet respirations were considered essential for the 
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delicate anastomosis It is very important that a small catheter be placed through 
the nose or mouth mto the upper segment and constant suchon mamtained 
throughout the operation. In 2 cases this was not done, and the omission probably 
caused the death of the first infant and almost caused the death of the second 
In both mstances the operation progressed satisfactonly until the mediastinum 
was opened and mobilization of the upper esophageal segment begun. At this point 
evidence of severe respiratory obstruction developed. In the first patient this u'as 
considered a result of a small opening %vhich had been made in the pleura although 
there had been no change m the respirations for several minutes after this opening 
was noted The operation was conbnued under positive pressure anesthesia The 
anesthetist reported that an unusually high pressure was required to obtain adequate 
respiratory exchange At the end of the operation an unsuccessful attempt was 
made to aspirate the trachea, and the child died a short time later with signs of 
respiratory obstruction In the next case similar signs appeared at the same stage 
m the operative procedure, and as the pleura was intact it was felt certain that the 
respiratory embarrassment was due to an obstruction in the trachea Rapid intra- 
tracheal aspiration of a small plug of mucus by the anesthetist. Dr Merel Harmel, 
completely relieved the obstructive sign Undoubtedly manipulation caused contrac- 
tion of the upper esophageal segment and emptying of accumulated mucus, 
which was then drawn into the trachea Since that time a suction catheter has 
always been left m the upper segment throughout the operation, and there has been 
no further interference with pulmonary ventilation dumg the procedure. It is possible 
that some of the respiratory difiiculties which have been attributed to the presence 
of an acadental pneumothorax during this operation may best be explained on this 
basis 

A right postenor extrapleural approach was used Segments of the third, 
fourth and fifth ribs were resected and the pleura was reflected In the smaller 
infants it was easy to pass posterior to the mediastinum into the opposite side of 
the thorax if the vertebral column was not carefully watched for The upper 
esophageal segment was localized by palpating the catheter, and the prevertebral 
fascia ^vas opened in this region The lower segment was usually found distal 
to the end of the upper blind pouch by identifying the trachea and following it 
caudallv In the last 2 cases it has not been necessary to dmde the az\ gos \ ein , 
and as division of the vein entails considerable risk of perforating the pleura and is 
about the only step from which serious hemorrhage may arise in the right-sided 
approach, it is felt that the omission of this step is desirable if possible Unless 
the low'er segment enters a bronchus or ends in the low'er part of the mediastinum 
division of the azygos vein probably is unnecessarj The esophagus is freed 
sufficiently to allow the ends to be rotated during the anastomosis, but extensne 
mobilization of either end has been a\oided whene\er possible as this tends to 
interfere with the circulation and creates a larger dead space m the mediastinum 
for possible infection, and as the esophagus tends to contract longitudinalh when 
freed from its bed, tension on the suture line ma\ actualh be increased b\ wide 
mobilization In attempting to make the opening at the most dependent point of the 
upper blind pouch the suction catheter is ad\anced until the pouch is elongated, and 
the opening is made where the tip of the catheter can be palpated through its wall 

The “telescopic” anastomosis described b\ Haight has been performed in each 
instance Two rows of interrupted 5-0 “deknatal” silk sutures ha\c been used 
The anastomosis has not been performed over a catheter, as it has been found easier 
to identify the aanous lajers of the esophageal segments if the lumen is \asib1c 
V catheter is passed through the completed anastomosis to test its patcncs but is 
immediately remoaed In 1 case a catheter was passed through the anastomosis into 
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the stomach and left m place for ten days This completely obstructed the passage 
of saliva through the esophagus, and a second catheter placed in the nasopharynx 
was necessary to prevent the aspirabon of mucus Such postoperative obstrucbon 
of the esophagus undoubtedly increases the nsk of aspirabon pneumoma. Haight 
has pointed out that the distenbon of the small lower segment by such a catheter 
might well interfere with the blood supply and the healing at the anastomotic area, 
A small rubber tissue drain has routinely been placed m the retropleural space 
The advantage of mamtaimng a higher local concentration of penicillin by closing 
the masion without drainage has recently been discussed by White and Birdsong’ 

POSTOPERATIVE CARE 

The infants are maintained on fluids parenterally administered for 
forty-eight hours after operation At tins time a Stamm type gastros- 
tomy IS routinely performed through a small upper midline incision 
At this stage m the postoperabve course such a procedure on a well 
hydrated infant offers little nsk On the other hand, if the operation 
IS delayed until it is made necessary several days later by the develop- 
ment of a stncture or a leak in the anastomosis, the general condition 
of the infant may be less satisfactory, mtravenous therapy qmte difficult 
because of repeated use of all external veins, and the hazards of the 
procedure greatly increased Early retrograde dilation through the gas- 
trostomy opening is easily performed if signs of stenosis of the anasto- 
mosis appear 

Twelve hours after the gastrostomy has been established small fre- 
quent feedings are given through the tube If the esophageal anasto- 
mosis heals satisfactonly a small portion of the gastrostomy feeding is 
given by mouth on the seventh day after tlie first operation, and the 
quantity of the oral feedings is steadily increased until gastrostomy 
feedings are eliminated My colleagues and I have maintained the 
gastrostomy openmg for a penod of three months to permit retrograde 
dilations of the esophagus if necessary Although there is a certain 
esthetic satisfaction in having such a patient recover without the 
performance of gastrostomy, tliere seems little else to recommend 
the omission of this procedure 

COMPLICATIONS 

In 2 of the patients an external fistula developed from the site of 
the anastomosis after operation In 1 case the fistula appeared on the 
tenth day after operation ® and in the other patient on the fifth post- 

7 White, M L, Jr, and Birdsong, M Surgeo 20 548, 1946 

8 A catheter had been left in place through the anastomosis after operabon, 
and ne feel that it was at least in part responsible for the development of the 
fistula. The fistula dramed much more in this pabent than in the other and it 
healed more slowly, and the stncture which subsequentlj formed has responded 
rather slowlj to dilabons 
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operative day Of the sixteen successful direct anastomoses which 
have been reported to date, a temporary external fistula has developed 
in four Two other patients reported by Haight were known to have 
a localized leak from the anastomosis which did not drain externally 
In both of our cases external drainage ceased spontaneously within 
eleven days Durmg the presence of the fistulas continuous sucfaon 
was maintained m the upper esophageal segment by means of a cathe- 
ter, and small frequent feedings were given through the gastrostomy 



Fig 2 — M A , three and one-half months after operation. Gastrostom\ opening 
IS closed The general condition is excellent 


Every effort was made to prevent the gastric juice or gastric contents 
from entering the sinus tract As we feared that the presence of a 
radiopaque substance in the tract might tend to retard spontaneous 
healing, no attempt ivas made to demonstrate the fistula by roentgen 
examination The prompt spontaneous closure of the defect suggests 
that these measures are sound 

In 2 patients a stricture dei eloped at the anastomosis One of 
these became evident three iieeks after the closure of an external fistula, 


Fig 4 — P W, inasion is well healed, the patient taking all feedings by mouth 
two weeks after operation The child weighed 3 pounds (1,306 7 Gm ) at the 
time of operation 
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the other developed m a patient m whom the anastomosis had healed 
primarily At the first sign of stenosis the esophagoscope was used, 
the nature of the stenosis was determined,® and a string was passed 
through the esophagus for biweekly retrograde dilations through the 
gastrostomy Dilations were continued until a no 20 French dilator 
could be passed with ease The children took all feedmgs by mouth 
regularly The experience of others thus far seems to indicate a better 
prognosis as regards such strictures than in the case of the usual caustic 
or traumatic stricture Several cases have been reported m which an 
early stricture at the anastomosis has disappeared as the child grew 


Table 2 — Postoperative Course and Results tit Infants in Present Senes 


Case 

Date ol 
Operation 

Operation 

Gastros 

tomjr 

External 

Fl«tula 

Stric 

ture 

Interval 

Since 

Operation 

Condition 

C M 

3/ l/lo 

Right extrapleural medi 
aattnal exploration, Uga 
tion tracheoesophageal 
fistula, end to end 
anastomoBla esophagus 





Died fifteen minutes after 
completion of operation 

T P 

7/27/40 

Right extrapleural medl 
astlnal exploration, lign 
tIon tracheoesophageal 
fistula, end to end 
anastomosis esophagus 

Tea 

S/12/40 

Tes ap 

peered 

b/C/4C 

closed 

8/17/40 

Tes ap 
peared 
0/0/40 

0 mo' 

Retrograde dilations by 

L M D French no 22 
dilator pn'«ed easUy once 
a weeL, taking aU feed 
Ings by mouth gaining 
weight satlslactotlly 

M A 

8/17/40 

Right extrapleural medl 
astlnal exploration, Uga 
tion tracheoesophageal 
fistula, end to end 
anastomosis esophagus 

Tes 

8/19/40 

Tes ap 

peared 

8/22/46, 

closed 

8/20/40 

^o 

5 mo" 

Taking nH feedings by 
month gastrostomy 
opening closed, esophagus 
narrowed at site of anas 
tomosls but barium 
passes readily meningo 
cclo repaired 12/21/46 

J B 

Ul 1/40 

Right extrapleural medl 
astlnal exploration, Uga 
tion tracheoesophageal 
fistula, end to end 
anastomosis esophagus 

Tes 

11/4/40 

No 

Tes an 
peared 
11/15/40 

2M: mo" 

Retrograde dilations weekly 
by L M D with French 
no 20 dilator takes all 
feedings by month, gain 
Ing weight EatlafactorUy 

P W 

11/22/40 

Right extrapleural medl 
astlnal exploration, Uga 
tion tracheoesophageal 
fistula, end to end 
anastomosis esophagus 

Tes 

11/24/40 

No 

No 

2 mo' 

Excellent takes aU feed 
Ings by month retro 
vaginal fistula closed and 
rectum brought to out 
side through rectal 
sphincter 


older Certainly a localized stricture of this t}'pe should respond better 
to dilations than the broad extensive scarnng encountered in the se\ere 
caustic stricture The great increase m the size of the entire esophagus 
as the child grows should also help to increase the lumen of the stenotic 
area 

COMMENT 

The most important step in the management of tliese cases is the 
early recognition of the anomaly bv tlie attending plnsician before the 

9 Esophigoscopi demonstrated the anastomosis to be well healed but narrowed 
m one patient In the other patient the lumen at the anastomosis was narrowed 
and partialh obstructed b\ granulation ti-^sue This patient has responded more 
slowU to dilations 
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infant’s life is seriously threatened by aspiration pneumonia or dehydra- 
tion and starvation The success or failure of the operative procedure 
depends in large part on the general condition of the patient at the 
time of operation Pnor to Haight’s report of the first successful case 
in 1943 these anomahes were generally considered incurable and their 
recognition of relatively little importance The 4 consecutive success- 
ful cases in the present senes, it is hoped, will emphasize the belief that 
this view IS no longer tenable 

It has previously been suggested that infants having this anomaly 

and weighing less than 4 pounds (18 Kg ) at birth probably should 

not be operated on Two of the patients in this senes were under this 

minimal birth weight, and in both it was techmcally possible to perform 

a satisfactory anastomosis The first child died immediately after 

operation from a condition which I now believe can be prevented In 

the second child the anastomosis healed by first intention and the repair 

has been one of the most satisfactory in this senes Operation should 

not be deferred solely because of the infant’s weight 

\ 

SUMMARY 

Four consecutive patients with tracheoesophageal fistula and esopha- 
geal atresia have survived ligation of the fistula and pnmary anastomosis 
of the esophagus They are now taking all feedmgs by mouth and are 
gaming weight satisfactonly One of these patients weighed only 3 1 
pounds at the time of operation Certain features of the diagnosis, the 
operative technic and the postoperative care are discussed The im- 
portance of the early recognition of the condition by the attending phy- 
sician IS emphasized 

The anomaly was onginally recognized in patient T P by Dr R W 
Frankmann of Massillon, Ohio, and in patient J B by Captain Robert 
T Parker of Fort Eusbs, Va 

Since the completion of this paper an excellent report by Ladd and 
Swenson of the cases of atresia of the esophagus and tracheoesophageal 
fistula at The Children’s Hospital, Boston, has appeared Among the 
last 14 patients treated by pnmary anastomosis there has been only one 
death 


10 Ladd, W E , and Swenson, O Ann Surg 125 23, 1947 



OPEN REDUCTION FOR FRACTURES OF THE PELVIC GIRDLE 


HERBERT F POYNER, MD 

AND 

DENMAN C HUCHERSON, MD 
HOUSTON, TEXAS 

O PEN reduction for derangement of the pelvic girdle is rarely men- 
tioned in tlie literature Noland and Conwell ^ resorted to two 
open reductions in a senes of 185 cases of fracture of the pelvis They 
stated that the only reason for surgical intervention is pressure of the 
fragments on the bladder or the rectum Their procedure is not 
described Leadbetter ^ found it necessary to operate in 2 cases out of 
a total of 78 reported His indication for operation was overndmg, 
irreducible fragments In regard to operative technic, he simply stated 
that an incision is made over the supenor ramus which is reduced and 
fixed The inferior ramus is disregarded Wilson ® advocated bringing 
the fractured rami together and fixing tliem with silver wire Kreuclier ■* 
concurred with Noland and Conwell’s critena for operation, but reported 
no operative case Steele ® has done two open reductions for Malgaigne 
fracture He placed a dowel type of bone graft across the symphysis 
pubis and two weeks later performed artlirodesis of the sacroiliac joint 
Tiemy ° expressed the belief that double vertical fractures of the pelvis 
require open reduction He advocated making an incision in the anterior 
part of the perineum in the genitocrural groove, securing the pubic 
arch wth a piece of Parham band and then fixing the wing of the 
ilium to the sacrum with a 5 cm wood screw He added that his patients 
walk in one month, but he did not report any cases 

From the Department of Surgery, Baylor Universitj College of Mcdiane, 
and Hermann Hospital 

1 Noland, L , and Conwell, H E Acute Fractures of the Peh is, J A A 
94 174 (Jan 18) 1930, Fractures of the Pehis, Surg , G>nec, &. Obsf SC 522 
(Feb) 1933 

2 Leadbetter, G W Fractures of the Pchns, South M J 25 742 (Juh ) 

1932 

3 Wilson, G E Fractures of the Pelvis, St Michael’s Hosp M Bull 3 56 
(Dec) 1927 

4 Krcucher, P H Fractures of the PeKis, Indust Med 5 185 ( \pril) 1936 
5 Steele, P B, in Bancroft, F W, and Murra\ C R Surpeal Treatment 
of the Motor Skeletal Sj stem, Philadelphia, J B Lippmcott Compam 194' p 805 
6 Tiemei, A Osteovrathesis of Double Cer\acal Fracture oi the PcUis 
^lein d Acad dc chir 65 831 (Tune) 1^39 
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The amount of displacement of fractures of the pelvic girdle is of 
clinical importance only when it involves wide spreading of the sym- 
physis pubis, marked elevation of one side of the pelvis or impending 
damage to a viscus or major blood vessels In such cases, when accurate 
anatomic reduction is imperative and manipulation is dangerous or 
impossible, open reduction offers the onlj’- solution to the problem 
Therefore we wish to present this illustrative case with a tedinic for 
open reduction that we have not found previously described in the 
literature 



A, anteroposterior wew of the pelvis taken at the time of the patient’s admission 
to the hospital The medial fragment is rotated almost 90 degirees on its axis JNote 
the separation of the sacroiliac joint B, the postoperative roentgenogram, showing 
excellent alinement of tlie pubic fractures There is little or no change in the 
sacroiliac joint C, this view, taken seven weeks after open reduction, reveals bonv 
umon of the pubic fracture but still little cliange m the sacroiliac joint There were 
no svmptoms referable to the sacroiliac region or symphysis pubis at this time 

REPORT OF A CASE 

D P , a white girl aged 16, was admitted to Hermann Hospital on Maj 29, 1946 
after an automobile accident. She complained of severe pain in the pelvis with 
radiaUon of tlie pam to botli legs There was moderate swelling of the nght leg 
and tenderness over the right pubis The right femoral pulse could be palpated 


f 
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but was weaker than that on the left The blood pressure was 130 sjstohc and 
80 diastolic, the temperature was 99 6 F and the respiration rate \\ as 18 

Urinalysis showed 5 to 10 red blood cells per low power field Other laborator\ 
data and physical observations did not show any abnormality 

A cystogram was done shortly after admission and no trauma to the wall of the 
bladder could be demonstrated, nor was any extravasation of the opaque mediums 
noted. 

Roentgenograms of the right femur revealed no fracture, those of the pelvis 
revealed a Malgaigne type of fracture on the right side (fig 1) 

In view of the swelling of the right leg and diminution of the femoral pulse, 
open reduction ivas decided on and performed June 4 

A satisfactory reduction of the pubis was obtained, but there was little change 
in the sacroiliac separation (fig 2) 

Postoperatively a Roger Anderson well leg traction apparatus was applied i\ith 
the hope of improvmg the position of the sacroiliac relationship This ivas worn for 
SIX weeks The pelvis was left unsupported throughout the postopcratn e con- 
valescence. Eight weeks after operation the patient was walking \wthout assistance 
On July 26 the roentgenologist reported firm bony union of the pubic fractures 
(fig 3) The patient was last seen on September 15, at which time she was 
carrying out her normal activities without any complaints 

DESCRIPTION OF OPERATION 

The operation was performed as follows A Pfannenstiel type of incision was 
made through the skin and subcutaneous fascia The anterior aponeurosis of the 
rectus muscles was mcised transversely and the interval between the rectus 
muscles freed by blunt and sharp dissection, thus mobilizing the rectus muscles 
The sheath of the rectus yvas then incised transversely after retracting the rectus 
muscles laterally The peritoneum was avoided by inflating the bladder and later 
collapsing It The fasaa and periosteum over the superior ramus were incised 
transversely and the site of the fracture exposed by subperiosteal dissection Since 
the fracture was now fully mobilized it could easily be reduced, and if it was not 
comminuted no internal fixation was required The wound was closed in laiers, 
and the fracture could then be treated as a nondisplaced pelvic fracture 

CONCLUSIONS 

We believe that this approach has the follow'ing ad\antages The 
wound IS less liable to infection in that it is more remo\ed from the 
perineal region than other incisions By section of the rectus and its 
sheath the medial fragment is mobilized and reduction is thus greath 
facilitated The pelvic viscera and \essels may be obsened and the 
danger of damaging these structures dunng manipulation of tlic frag- 
ments IS eliminated Large hematomas which are frequently present, 
may be evacuated 

It IS also felt that if the surfaces of the sacroiliac joint are brought 
into reasonably close approximation arthrodesis or other fixation is not 
neccssar} This is also true of the symphysis pubis 
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SUMMARY 

The literature beanng on open reduction for fracture of the pelvic 
girdle has been briefly reviewed The indications for open reduction 
are ated An illustrative case is presented A surgical approacli for 
reduction of the fractures, which we have not found previously sug- 
gested, has been described 


5208 Caroline Bouleiard. 
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NEW YORK 

ARIOUS studies have been performed on a group of pabents unde 
^ going section of the vagus nerves for peptic ulceration ‘ on the Thin 
(New York University) Surgical Division, Bellevue Hospital More 
over, Dr Frank B Berry, Director of the First (College of Physicians 
and Surgeons) Surgical Division, has permitted us to make obsen-ations 
on a small group of patients undergoing similar procedures on that 
service 

We have outlined a plan of investigation de\ otmg attention not only 
to alterations in gastric physiology but to other visceral functions proved 
or suggested by animal experimentation to be mediated through the \agus 
nerves All of these studies require further pursuit and analysis How - 
ever, certain findings w'hich seem to us to be of some significance are 
presented at this time They are as follows (1) the effect of alcohol 
mtragastncally and intravenousl)' on secretion of gastric acid, and its 
relation to the effect of histamine, (2) tlic result of nitrogen balance 
studies on patients subjected to section of the -vagus nerves, (3) the 
results of electroencephalographic tracings before and after operation, 
and (4) that which appears to us to be the effect most unpleasant to the 
patient — namely, diminished gastric motility 

Rrad at the Clinicil Congress of the American College of Surgeons, Ocv eland 
Dec 19, 1946 

1 (a) Dragstedt, L R, and Owens, F M Supra-Dnphnginatic Section 
of the Vagus Nerve in Treatment of Duodcml Ulcer, Proc. Soc. E\per Biol 
^fed 53 152-154, 1943 (b) Dragstedt, L R,. and Schafer P W Removal 

of the Vagus Innervation of the Stomach in Gastroduodenal Llrcr, Su'gcn 17 
742-749, 1945 (e) Dragstedt L R Vagotonn for Ga-^troduodcnal Llce^ 

Ann Surg 122 973-989, 1^44 
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All patients on whom physiologic observations are herein reported 
underwent transtlioracic supradiaphragmatic section of tlie vagus nerves 
for duodenal or gastrojejunal ulcer Our technic is similar to that 
described by Crimson - Lack of secretion of gastric acid in response to 
hypoglycemia induced by 15 units of insulin administered intravenously 
was the criterion used for evaluation of complete vagal section ® In the 
performance of the gastric tests, the fasting stomach was aspirated as 
thoroughly as possible by stomach tube The secretion of gastnc acid 
was determined in the usual way by Topfer’s reagent and phenol- 
phthalein on fractional specimens The alcohol test meal consisted of 



Chart 1 — Gastnc acid values after alcohol test meal The solid lines indicate 
values before operation and the dotted lines values after operation The patient 
was T H 

300 cc of 7 per cent ethyl alcohol introduced into tlie stomach For tlie 
intravenous method, 0 25 cc of absolute ethyl alcohol per kilogram of 
body weight was made up into a 25 per cent solution by dilution with 

2 Crimson, K. S , Taylor, H M , Trent, J C, Wilson, D A, and Hill, 
H C The Effect of Transthoracic Vagotomy upon the Fimctions of the Stomach 
and upon the Early Clinical Course of Patients with Peptic Ulcer, South M J 
39 460-472, 1946 

3 Jemerin, E E , Hollander, F, and Wemstein, V A A Comparison of 
Insulin and Food as Stimuli for the Differentiation of Vagal and Non-Vagal 
Gastnc Pouches, Gastroenterologj 1 500-512, 1943 
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stenle distilled water and introduced into an antecubital vein * Studies 
were performed before and after operation and a comparison of results 
was made 

In the 7 cases m which the alcohol gastric test meal vas employed, 
all demonstrated a definite decrease m the amount of free and total acid 
secreted after supradiaphrcigmatic section of the vagus ner\es (chart 1) 

Observations were made on 2 patients to whom the alcohol was 
administered by the intravenous route A similar definite decrease m 
the amount of free and total acid was found following section of the ^ agus 
nerves (chart 2) 

To 1 patient the usual alcohol test meal was given, folloi\ed in tvo 
hours by the administration of 1 mg of 1 to 1,000 histamine dihydro- 



Chart 2 — Gastric acid values after intravenous administration of alcohol The 
solid lines indicate values before operation and the dotted line values after operation 
The patient was J M 

chloride subcutaneously After transtlioracic section of the vagus nerves 
there was found to be a decrease in tlie amount of free and total acid in 
response to alcohol, but no change with histamine (chart 3) The 
response to histamine is in accord with the observations of Thornton, 
Storer and Dragstedt,® who hav e reported that m 19 patients in w honi 

4 Newanan, H W , and Mehrtens, H G Effect of Intravenous Injection of 
Ethjl Alcohol on Gactric Secretion m Man, Proc Soc. Exper Biol Med 30 
145-148, 1932 

5 Thornton, T E , Tr Storer, E H , and Dragstedt, L. R. Supradnphr ip- 
niatic Section of the Vagus Ncrvis Effect on Gastric Secretion and Monluv in 
Patients with Peptic Ulcer, TAMA 130 764-771 (March 23) 1^46 
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histamine produced an abundant secretion of aad gastnc jmce before 
operation there was no diminution eitlier in volume or in free acidity 
after section of the vagus nerves 

One theory that has been proposed as to the manner in which alcohol 
mcreases secretion of gastnc aad is that it acts on the gastric glands by 
liberatmg histarmne ® Smce section of the vagus nerve appears to alter 
the gastnc aad response to alcohol and does not alter the response to 
histamine, the evidence suggests a dissociation of the means by which 
these drugs effect secretion of gastnc aad 

Nitrogen balance studies were done on 4 patients under the direction 
of Dr Co Tm The nitrogen balance was positive by the fourth or fifth 
day, which is the usual finding in patients undergomg operations of 
comparable type and magnitude The figures for fecal nitrogen were 



300 cc of Alcohol by mouth (7%) 



Chart 3 — Gastnc aad values after alcohol test meal and injection of histamme. 
The chart at left indicates values before operation and the chart at right values 
after operation The patient was I G 


witliin or below normal limits These facts suggest that tliere has been 
no impairment of utilization and absorption of protein 

Electroencephalograhic studies were done by Dr Margaret Kennard 
Six patients had electroencephaiographic traangs before and at intervals 
varying from two days to two months after supradiaphragmatic section 
of the vagus nerves All showed a pattern varymg from the normal, 

6 Dragstedt, C A , Gray, J S , Lawton, A H , and Ramirez de Arellano, 
M Does Alcohol Stimulate Gastnc Secretion by Liberating Histamine? Proc 
Soc Exper Biol & Med. 43 26-28, 1940 Ivy, A C The Mechanisms of Gastric 
Secretion (E. Starr Judd Lecture), Surgery 10 861-878, 1941 Babkin, B P 
Secreton Mechanism of the Digestne Glands, New York Paul B Hoeber, Inc., 
1944 
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demonstrating either a high percentage of alpha activity or a pattern m 
which low voltage fast activity was dominant Neither group showed 
any significant change m electroencephalographic pattern following sec- 
tion of the vagus nerves This would indicate that the abnormal electro- 
encephalographic patterns found in a high percentage of patients with 
peptic ulcer ^ were not caused by afferent stimuli traversing the ^agus 
nerves 

Of great concern to patients submitted to supradiaphragmatic section 
of the vagus nerves for duodenal ulcer has been the disturbance of gastric 
motility Previous authors have described the occurrence of diminished 
gastnc motility ® and warned of the dangers of simple section of the 
vagus nerves in the presence of pylonc obstruction ® None of our 
patients on whom supradiaphragmatic section of the \'agus nerves was 
performed had pyloric obstruction None had gastric retention of a 
barium meal beyond three hours However, all had histones of duodenal 
ulcer of at least eight years' duration After operation, all have shown 
evidence of diminished gastnc tone manifest by (1) a dilated stomach 
demonstrated by roentgenographic examination , (2) retention of food 
m many instances for t\venty-four to forty-eight hours as found bv gastnc 
aspiration (in some patients the dilation is extraordinaiy and unless 
treated by aspiration and suction is alarming), and (3) subjcctnc s\nip- 
toms of fulness, distention, gaseous eructations and an unpleasant taste 
in the mouth 

Most patients have been pleased with their improvement, relief of 
pain and increased appetite for the first tw'O weeks after operation They 
then become dissatisfied because of the symptoms w’hich we believe arise 
from diminished gastric motility in the presence of duodenal scarring 
All patients have gamed weight, and most weigh more now than at an^ 
other time m their lives Meanw'hile, other patients with ulcer have 
been content with the clinical result brought about b} subtotal gastric 
section or by infradiaphragmatic section of the vagus nen'es w itli accom- 
pan3ung postenor gastroenterostomy Strikungly encouraging results 
immediately and on short term follow-up, ha\e followed transthoracic 
supradiaphragmatic section of the vagus nen es in the presence of stonnl 
gastrojejunal ulcer 

7 Rubin, S, and Bowmin, K. it Elcctrocnceplnlopraphic and P<.r<;omht\ 
Correlates in Peptic Ulcer, Psj cho'^om Med 4 309-318, 19-12 Mosc';, L P':\cho- 
djanmic and Electrocnccpalogrraphic Factors m Duodenal Ulcer, ibid C 205-509 
19-16 

8 Barron, L E., and Curtis, G M Effect of Va!iotom\ on Gastric if- to- 
Mcclianism of Man, Arcli. Surg 34 1132-1158 (June) 1937 

9 Dragstedt’c Gnmson and others = Moore, E D , Chapman M P 
Schulz, M and Tones, C M Trmsdiaphmfrmatic Rejection the Vapr-' 
Ver\cs for Peptic Ulcer, New England T ifed. 234 2-21-2’! 
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Our clinical expenence up to this tune has led us to the follo\ving 
opinions 1 The effects of diminished gastnc motdity on the subjective 
sensations of the patient have not been sufficiently emphasized in the 
previous literature 2 Simple complete section of the vagus nerves per- 
formed from below the diaphragm appears to be a satisfactory method of 
denerA'^ation, and if the ill effects of diminished gastnc motility are 
avoided it might follow that the best treatment would be a combination 
of subtotal gastnc resection or gastrojejunostomy with complete 
division of the vagus nerves performed at the same time 

SUMMARY AND CONCLUSIONS 

Studies before and after operation on a small group of patients 
submitted to supradiaphragmatic section of the vagus nerves for duodenal 
or marginal ulcer have demonstrated certain facts which are considered 
to be of sufficient interest to warrant presentation in a prehminary 
report 1 The secretion of gastrc acid in response to alcohol admmis- 
tered intravenously or intragastncally appears to be dimimshed after 
section of the vagus nerve 2 Section of the vagus nerve does not 
change the electroencephalogrphic pattern of patients with peptic ulcer 
3 Nitrogen balance studies did not indicate any impairment of utiliza- 
tion and absorption of protein as a result of supradiaphragmatic section 
of the vagus nerve 4 Diminished gastnc motdity has been found 
clinically and roentgenographically Certain unpleasant symptoms have 
been attributed to the resultant dilated stomach 
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KIDNEY 

Congenital Anomaly — Headings and Palmer ^ report a case of super- 
numerary kidney with the ureter opening into the vagina m a 24 ^car 
old white woman, whose chief complaint was dribbling from the vagina 
This makes a total of 44 such cases which have been reported in the 
literature In this case successful surgical remoi'al of the small super- 
numerary kidney with its ureter resulted m eradication of the patient 
complaint of dribbling from the vagina 

Carlson - states that most supernumcrarj’- kldne^ s are located below 
the normal kidney and arc generally smaller than the normalh placed 
kidney The ureters show' considerable lanation Usualh the ureters 
of the supernumerary and normal kidneys fuse before entering the 
bladder Complete reduplication may be present Ectopic ureteral 
orifices haae also occurred, commonh with openings into the aagina or 
prostatic urethra Openings into aaginal c>sls or into a blind sac ba\L 
also been found In some instances the ureter of the upper kidnc\ 
opened into the peh is of the low er kidney The ureter ma^ be absent 

1 Headings, D M and Palmer R E. Supcrnumcrar\ Kidne\ with Lreter 
Opening into Vagina \ni J Surg 71 170 373 (March) 1046 

2 Carlson H E Stipcmuincran. Kidnct as a Catwe of L*re*ero-Pch c 
Obstruction T Urol 5G 179-182 ( \ug ) 1946 
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The wnter presents a case in which a supernumerary kidney located 
beneath the ureteropelvic junction had apparently produced obstruction 
and together with mfection resulted in a calculous pyonephrosis which 
destroyed the normally placed kidney 

Bell ^ states that horseshoe kidney is not a contraindication to preg- 
nancy, although a high percentage of women with horseshoe kidney have 
a complicated pregnancy or have to have labor mduced 

The wnter presents a case in which a complicated pregnancy was 
terminated early, however, the horseshoe kidney was corrected surgi- 
cally and tivo subsequent pregnanaes were uncomplicated 

Neoplasins — White and Braunstem * state that renal vascular tumors, 
excluding telangiectasis and vanx, may be classified as follows benign 
capillary hemangioma, plexiform hemangioma, cavernous hemangioma, 
malignant hemangiosarcoma, hemangioblastoma 

The capillary angioma exists commonly in the form of a small papil- 
lomatous lesion projecting into the cahces or renal pelvis The plexiform 
and cavernous hemangiomas and the hemangiosarcomas may be found 
in any portion of the kidney, but usually are found directly under the 
epithelial lining of the cahces or pelvis These tumors may exist as a 
solitary lesion or may be concomitant with similar lesions elsewhere in 
the body They may vary in size from that of a pmhead to several 
centimeters in diameter The sex incidence is about equal In the 
majority of cases patients are in the fourth and fifth decades of life, but 
apparently no age is exempt 

The chief diagnostic symptom presents uncontrollable hematuna 
associated with significant absence of roentgenologic evidence Pam is 
present in any degree but is not a constant factor Occasionally with 
the larger tumors it may be the first symptom If the tumor is of long 
standing and of sufficient size to alter the renal architecture through 
obstructive phenomena, or is so located as to produce calycectasis or 
pjelectasis, it may be detected roentgenographically 

Painful hematuna with significant lack of roentgenologic evidence is 
always suggestive Intravenous and retrograde urography is absolutely 
imperative if a diagnosis is to be confirmed Nephrectomy is the treat- 
ment of choice, since all attempts at controlling hematuna by medical or 
C} stoscopic means have proved unsuccessful 

Hill ® states that up to the present time 35 authentic cases of Wilms’s 
tumor in the adult have been recorded in the literature Four patients 

3 Bdl, R. Horseshoe Kjdney in Pregnancy, J Urol 56 159-161 (Aug ) 

1946 

4 ^\qlIte, E W, and Braunstein, L R Caiemous Hemangioma A 
Renal Vascular Tumor Requirmg Nephrectomj , an Unusual Entity, J Urol 56 
183-189 (Aug) 1946 

5 Hill, R M Embryoma of the Kidnej m the Adult, Bnt J Urol 18, 
53-59 (June) 1946 
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survived for an appreciable time A mass in the loin or abdomen, pain 
and hematuna are the most common symptoms The writer reports a 
case in a 35 year old woman who was treated by nephrectomy follo^\ ed 
by a course of high voltage roentgen therapy (3,500 r) Fne jears 
following operation the patient ivas in excellent health and there ^\as no 
evidence of recurrence 

Lasher ° reports a case in which a hypernephroma uas removed from 
the retroperitoneal tissues outside the kidney The possible sources of 
such a neoplasm are discussed Attention is directed toward the fact 
that, in general, adrenal rests are found in association ^\^th structures 
derived from the mesonephros or m their paths of descent Tumors of 
either hypemephroid or androgenic type may anse from these ectopic 
islands of adrenal cortex 

Hydronephrosis — In a series of articles on hj dronephrosis, Hinman ' 
states that the tubular structure of the kidney has been studied o\er 
the years by means of just two methods, reconstruction and teased dis- 
section Unfortunately, neither method demonstrates satisfactonly the 
later changes of hydronephrosis and consequently investigators interpret 
differently the discovenes made by the same method Many questions 
may have to remain unanswered unless a newer, more accurate method 
of demonstrating the changes is discovered 

In the past, descriptions concerning chiefly the changes occurring 
after complete ureteral obstruction in experimental animals ha^e been 
confined too closely to tubular changes Basically hydronephrosis is 
glomerular, and thus in the pathogenesis of hydronephrosis the ^ ascular 
changes are no less important than the tubular 

The unit of renal function is not the tubule It takes a group of 
glomerulotubules to form such a unit, and this is locked inscparabU ith 
blood supply Conclusions from a stud} of tubular changes alone are 
thus incomplete 

In the progression of hydronephrosis, glomeruli remain longest 
Because soon different components of the unit cannot be distinguished, 
the tubular changes arc hard to follo^^ microscopically and vhat Ins 
happened to the individual tubules of the sunning glomeruli Ins long 
been a matter of conjecture In man, the variation in the rate of tubuhr 
atropliy in different renal portions \ancs according to the circuhton 
arrangement Pressure atroph} is more or less uniform throughout the 
kidnc} , but anemic atropln is not 


6 Lasher, E. P, Tr Pnnnr\ Extrarcnal IPpcmephroim 
of Sites and Ongms. and a Report of a Case, ert J Surg 55 fPe’- ) 


1947 

7 Hinman, F droncphroMc I The SliaicU ral Cr"ge«: 17 


S16-835 (June) 1945, II The Functional Change' ibid 17 
]045, III Hi dronephrc'is and Hipertea'ica, Hud 17 S4' (1 i 
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One can only surmise what happens when all porbons of a tubule 
have atrophied The method of macerabon and dissection is madequate 
for answenng the quesbon of whether the glomeruh retain a duct through 
which their filtrates can dram directly into the pelvis or whether they 
are completely isolated Perhaps both of these processes occur 

The corticomedullary hne is drawn on both vascular and tubular 
distmcbons Throughout progressive hydronephrotic atrophy the vas- 
cular and tubular distnbution above and below this hne persists in 
some form As the interlobar and arcuate vessels stretch and their 
calibers dimimsh -with pelvic distention, only those interlobular arteries 
which have not been shut off by the compression continue supplying 
blood to their glomeruli These arteries, through postglomerular capil- 
lary plexuses and artenolae rectae, continue to nourish the correspond- 
mg tubular components This leads to great differences m the rate of 
progress of hydronephrotic atrophy throughout the parenchyma of the 
same kidney This accounts for the group distribubon of survival, per- 
rmtting isolated repair nodules m experimental hydronephrosis There 
IS considerable difference later in the size of glomeruh, which indicates 
the possibility of compensatory hypertrophy of some glomeruli in this 
condition 

Pressure atrophy and anemic atrophy combine to produce hydro- 
nephrobc atrophy Tubular and circulatory changes in this condition 
are interrelated 

Hydronephrobc atrophy is distinct and separate from pnmarj^ 
or any other land of atrophy The condibon of hydronephrosis pre- 
supposes conbnued secretion of unne in spite of the obstruction Since 
many of the structural changes occumng in hydronephrosis are sbll not 
understood it is as difficult to correlate structure and funcbon as it is 
to reconcile normal and hydronephrobc funcbons 

Experimental and clinical evidence conclusively demonstrates that 
there are an mflow and an outflow of the contents of a hydronephrobc 
kidney Drainage of unne permitting confanuabon of excretion explains 
the mechanism of hydronephrobc atrophy The mechamsm of reabsorp- 
bon m hydronephrosis has not been definitely established, and thereon 
the mam controversy now hinges A number of pathways of urinary 
backflow from the renal pelvis have been proved and others suggested 
Until the loops of Henie are destroyed, tubular absorpbon of glomer- 
ular filtrate in excess of normal probably occurs Since the collecbng 
ducts can be filled for a short distance only, pelvic unne would not 
reach the loops of Henie directly for reabsorption Physiologic back- 
flow and reabsorption by way of collecbng tubules may occur through 
retrograde distenbon wth transudabon mto pencanahcular spaces as 
edema fluid and absorption by capillanes or lymphatics or both When 
a pathologic condition is present it may occur through ,the rupture of 
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the distended -wall of the tubule with extra\asation into the capillanes 
or lymphatics or through slits or both and excavations of the tom 
papilla into tissue spaces around the collecting tubules 

At the foraix calicis the caliceal or pelvic epithelium joins that co\er- 
ing the papilla and m this transition acquires endothelial properties bj 
which a direct relationship to capillanes, similar to that in glomeruli, is 
established Physiologic absorption of total urine may occur at this point 
without fomical rupture under certain conditions of diuresis or pen- 
stalsis, the fluid passing either directl}'- into the veins or after marked 
extravasation into capillaries or lymphatics In the pathologic state, 
multiple fomical mptures occur W'hich would permit unne to pass 
either directly into the veins or into the tissue spaces with flow into 
veins or lymphatics This mechanism cannot be effectn e after the third 
w'eek of obstmction, however, since at that time the fomices ha\e dis- 
appeared and the interstitial spaces are being filled progressnelj with 
newly formed connective tissue 

At this period, because irregular damage to the glomeruli has 
occurred, some glomeruli are wmrking w’lth a higher filtration pressure 
than are others A sufficient difference in blood pressure in two major 
groups of glomeruli may cause back filtration of the filtrate of the high 
pressure glomeruli into the low pressure glomemh The flow' of urine 
thus does not cease The eventual destruction of the glomemh is paral- 
leled by a diminution of this flow' 

Some insight into the mechanics of hydronephrosis is obtained b\ 
studying blood flow' and secretor}' pressure Ureteral ligation or partial 
obstruction of the renal artery or both lower these factors and together 
speed up the process of hydronephrotic atrophv Neither prolonged 
polyuria, in which both these factors are increased, nor prolonged oli- 
guria has effect on the rate of progress of the atropln increaced 
activity of a kidney w’lth a ligated ureter has no effect on the rate of 
development of hj, dronephrosis Unilateral oliguna per se has so far 
been bcA ond experimental tests 

Hj’pcrtension has two possible connections with hadroncplird^'^ 
Sometimes it might be an accelerator, at other times an effect Evpcri- 
mental and clinical studies show that high blood pre-^enre hac no influ- 
ence on the mechanics of In droncphrosi': 

The changes of In droncphro‘;is could well ln\e an effect on hlrf'^l 
pressure The factors supposedh rcspon':il)lc for Indroucphrotic atropln 
could act to promote renal Inpcrtcnsion Renal icchcmia linu(_\ir n 
not the c'^'^cntial factor as was formerh thought It is not Imo n 
how constriction of a renal arten cau-^cs In-pcrtcncion \II attemp'^ 
to produce permanent h\'pertension b\ the simple ligation c o le tne d r 
ha\c been uinucccssful Chnicalh In-ptrttiiMon i<^ an nnc' ’ 
complication in simple Indroncphro-is The rcii"] ongi-i c ;af-cr- 
tcusion It IS seen, is aen uncertain 
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Renal h3'pertension appears to depend on the ratio of isdiermc to 
normal renal tissue In hydronephrosis both of these factors are 
affected The magnitude and course of any resulting h3'pertension 
depend on the amount of renal ischemia and on the amount of hydro- 
nephrotic atrophy of the normal r6nal parenchyma, as well as on the 
compensatory increase m normal renal tissue in the opposite kidney 
Just as in renal artenal constriction, so is it possible that in hydro- 
nephrosis renal excretory insufficiency may develop ^vlthout the 
occurrence of hypertension if the decrease in normal parenchyma is 
mordinately greater than the amount of ischemic renal tissue In such 
an event the process leads pnmanly to destruction of normal renal tissue 
and this may become great enough to simulate complete nephrectomy 
These considerations give little encouragement for the cure by nephrec- 
tomy of hypertension occurnng in umlateral hydronephrosis 

The attempt to repair every hydronephrobc kidney not entirely 
destroyed is not only without a common sense basis but may be actually 
dangerous The surgical repair may itself so alter the mediators of 
blood pressure as to cause h3^ertension later on A, case is ated in 
which hypertension with symptoms occurred five years following a 
successful plastic repair and nephropexy of an uninfected hydronephrotic 
kidney The renal function had remamed the same over the five year 
penod, and there was no evidence of there having been unnary infection 
durmg this time Cure was effected followmg nephrectomy 

H)^ertension is somewhat more common in the presence of bilateral 
hydronephrosis The age of the patient may be a factor in the inci- 
dence of hypertension m both unilateral and bilateral hydronephrosis 
Compensatory hypertrophy is much less marked in older persons and is 
almost absent in the bilateral condition Again, it is possible that the 
kidneys may be only one of many factors causing essential h}'pertension 
Cases of hydronephrosis studied over a four year penod at the Um- 
versity of California Hospital are reviewed Nephrectomy offered little 
benefit as regards hypertension in this senes 

Owing to the pnnaple of compensatory h3^ertrophy, a hydro- 
nephrotic kidney, as well as its mate, is overstimulated This is the 
reason that some units, dunng certain stages of hydronephrotic atroplty, 
show hypertrophy or at least are kept more active and resistant It is 
also the reason for the rant3'- of h3'pertension with hydronephrosis This 
overstimulation due to hydronephrosis will disappear, however, vhen 
the mate has fully compensated by hypertrophy to carry the overload 
Miscellaneous — ^Abeshouse and Tankin ® state that administration of 
an3'- of the common sulfonamide drugs, such as sulfanilamide, sulfa- 

8 Abeshouse, B S , and Tankin, L H Renal Complications of Sulfonamide 
Therapy, J Urol 56 658-687 (Dec.) 1946 
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pyndme, sulfathiazole, sulfadiazine or sulfamerazine, ma} be compli- 
cated by toxic and irritative lesions of the upper part of the unnar} 
tract 

The toxic manifestations of such renal complications are (a) cr\ stal- 
luna, (b) hematuria, (c) oliguria or anuria, (d) azotemia (c) renal 
or abdominal pain (f) tenderness over the kidneys and ureters, (g) 
enlargement of the kidney and (/i) albuminuria 

The pathologic changes produced in the kidneys of experimental 
animals and in human beings after prolonged administration or o^cr- 
dosage of sulfonamide drugs are of U\o tj^pes, nameh (a) mechanical 
changes caused by the deposition of crystals or concretions in the renal 
tubules, pelvis or ureters and (b) chemical changes, such as acute toxic 
and degenerative nephritis (calcifying nephrosis) The renal compli- 
cations are the result of the poor solubiht\' of these drugs and their 
acetyl derivatives Experimental and clinical studies show that the 
incidence of these complications is directly related to the solubiht\ of 
the drug Renal complications rarely are observ'ed following adminis- 
tration of sulfanilamide, a relativel} soluble drug, but frequenth are 
noted following administration of sulfapyridine, sulfathiazole, sulfa- 
diazine and sulfamerazine, wdiich are relatively insoluble drugs 

The cliief factors influencing precipitation of the crj'stals and forma- 
tion of sulfonamide concretions are (a) concentration of the drug m the 
urine, (b) degree of acetylation or conjugation of the drug, (c) the 
presence of an obstructive or inflammatorj’ lesion in the upper part of 
the urinary tract, (d) pH of the unne and (c) temperature of the urine 
Crystalluria per se is not an indication of serious renal damage 
and can be remedied by temporarily w'lthdrawung the drug or decreasing 
the dosage, forcing fluids and alkalmizing the unne adequatelj 

Every patient receiving sulfonamide drugs should be under close and 
constant surveillance for any toxic renal complication, such as hematurid 
oliguna or anuria, azotemia or renal or abdominal pain The occur- 
rence of any one or more of these symptoms demands immediate 
withdrawal of the drug and the prompt institution of correctne 
measures 

The occurrence of these complications can be pre\entcd or their 
incidence can be reduced b} adopting the following precautions fa) 
determining previous sulfonamide medication, drug <=ensitiMn or 
idiosjTicrasy, (b) determining renal function before and dunne dnif: 
therapv, (c) careful e\aluation of state of Indration (water balance i 
(d) administration of drug in accurate do'^age to a\oid oaerdn<^ 2 qe 
and (c) adequate alkahnization to sustain a pn of the unne o. 7 6 

In cases of anuria complicating suhonamidc thcrap\ it in-'c be 
necessar) to emploa ce«to«cop} and ureteral catlictcn-atio,i to di'- 
tinguish between the mechanical tape (obstruction of ure’er^ c- pel\e^ 
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by crystals or concretions) and the chemical type (acute toxic and 
degenerative nephntis) 

When the usual corrective measures — increased intake of fluid, 
alkalmization, ureteral catheterization — fail to improve or restore renal 
function, it may be necessary to resort to operative methods to prevent 
uremia 

Decapsulation alone or m combmation with pyelostomy or nephros- 
tomy or retrograde ureteral catheterization has proved to be lifesaving 
m otherwise hopeless instances 

In 1 case of anuna following sulfadiazine therapy in which the 
condition failed to respond to the usual conservative measures (includ- 
ing ureteral cathetenzation) and to decapsulation with nephrostomy, 
at necropsy evidence of thrombosis of both renal arteries was observed 
This complication has not been previously descnbed or reported 

Munger ® makes a plea for a more conservative attitude in renal 
surgery He states that too many nephrectomies are performed The 
surgical correction of hydronephrosis is, for the most part, a perfectly 
logical and feasible operation Hydronephrosis is commonly a bilateral 
disease Protective splinting with adequate and prolonged mtrapelvic 
drainage is an absolutely necessary procedure m plastic correction of the 
renal pelvis About 70 per cent of diseases requiring surgical inter- 
vention and of congenital malformation 'of the kidney are amenable 
to partial nephrectomy Total nephrectomy m hydronephrosis should 
be instituted only when it can be demonstrated that the drainage system 
IS completely destroyed beyond recovery and in renal disease wherein 
It can be shown that the kidney is utterly worthless 

Ratliff, Nesbit, Plumb and Bohne report the results of urologic 
studies of 2,055 hypertensive patients One hundred and eighty-three 
lesions were found Hypertension may coexist with any of the common 
renal lesions, but there is no consistent relationship between hyper- 
tension and any particular gross renal lesion Congenital absence of a 
kidney, reduplication of pelvis and bilateral lesions occurred m 70 of 
the cases Patients m the remaimng 113 cases had unilateral lesions 
Nine per cent of all the patients studied had renal abnormalities, while 
less than 5 per cent were candidates for nephrectomy and fewer came 
to operation 

Dunng the eleven year period (1934 to 1945) in the records of 
tlie Umversity of Michigan Hospital 49 cases of severe hypertension 
treated by nephrectomy were found In all but 7 of these the systolic 

9 Munger, AD A Plea for a More Conservative Attitude in Renal Sur- 
gery, J A M A 132 675-679 (Nov) 1946 

10 Ratliff, R. K. , Nesbit, R AI , Plumb, R T , and Bohne, W Nephrec- 
tomj for HiTiertension with Unilateral Renal Disease Report of Forty-Nine 
Cases, JAMA 133 296-299 (Feb 1) 1947 
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pressure was well over 200 or the diastolic o\er 100 The follow -up 
period has been longer than twelve months in all but 8 of these cases 
Seventeen patients (34 6 per cent) were considered to haie had good 
results, and 6 (12 4 per cent) were impro\ed, results m 26 cases 
(53 0 per cent) were failures In cases in wdiich the results were good 
the patient was free from hj'pertensne symptoms and had a normal 
blood pressure at the time of the last follow -up report In other w ords 
the patient w'as considered cured according to clinical evidence at the 
date of check-up examination Results w ere regarded as a failure w hen 
a patient was not improved by nephrectomy or subsequentli died a<; 
the result of hypertension 

The authors concluded that when unilateral renal disease is demon- 
strated by roentgenologic examination it can be treated b\ nephrectonn , 
with an expectation of improvement or cure of the associated Inpcr- 
tension m about half of the cases In their series of cases the greatc'it 
incidence of favorable results occurred in the cases of chronic piclo- 
nephritis in adults, hydronephrosis and calculous pyonephrosis In the 
group of cases of “infantile chronic pyelonephritis,” the incidence of cure 
W'as definitely less than that in adults 

The higher percentage of cures falls in that group of patients who 
ha^e gross urologic symptoms Fewer good results followed nephrec- 
tomy in the group of hypertensive patients who had no urinarv 
symptoms 

Wagner “ presents a modified technic of abdominal artcnograpln , 
featuring use of a hand syringe for injection instead of the pressure 
apparatus Advantages of the hand sirmgc method are its siinphciti 
and greater protection against extravasation bj allowing detection of 
change in resistance during injection 

Visualization of the renal arter)' and its branches is best when the 
needle is introduced one vertebral Icicl below the classic site 

The difficulties and potential dangers of the procedure can be mini- 
mized by a competent team 

One nonnal and two abnormal arteriograms arc presented and 
interpreted 

Kleiman *' reports a case of anuria due to sulfatiiiazole with reco\cn, 
following renal decapsulation 
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Difficulty was encountered with the family in regard to operation, finally per- 
mission was granted for unilateral decapsulation, which was done five dajs after 
complications developed 

The routme incision m the left loin was made. The pennephric tissues were 
■very edematous and oozed serous material freely The renal mass with its 
surrounding pennephric fat resembled a supersaturated sponge The kidney was 
enlarged to about one to three fourths times its normal size It was very turgid 
The capsule -was under undue stram When it was nicked, the kidney practically 
decapsulated itself Decapsulation was earned down to the renal pedicle and 
was complete 

On the evenmg followmg operation, the patient voided 580 ce On the second 
postoperative day, the twenty-four hour output was 1,005 ce Blood urea on the 
fifth day was 48 mg, whereas it had been 90 mg before operation. Intravenous 
pylegrams showed excellent concentration and elimination of contrast medium 
in five minutes from the left kidney The nght kidney failed to concentrate dye 
in thirty mmutes sixteen days postoperatively When cystoscopy was performed 
on the twenty-third postoperative day, indigo carmine ■was injected and appeared 
in excellent concentration in five minutes from the left kidney It failed to appear 
m one hour from the right kidney 

This case is a typical one of sensibvity to sulfathiazole A complete 
genitounnary examination failed to reveal any e^vidence of sulfathiazole 
crystals, eitlier in the urine itself or in the upper part of the genito- 
urinary tract The edematous, cyanotic appearance of the kidney would 
lead one to suspect that a markedly toxic reaction had occurred ■within 
the renal parenchyma 

URETERS 

Traumatic Injuries — Herman, Greene and Hayllar have re-viewed 
the literature of the past ten years on the subject of ureteral injury 
The fact that fifty-eight papers were found led them to believe that the 
subject has been well covered and that ureteral injury is a common 
occurrence 

Ureteral injuries may be classified under three general headings, on 
the basis, of the causative factor (1) external violence, (2) spontaneous 
rupture and (3) mstrumental injunes and surgical trauma 

Ureteral injury from external violence is unusual m civilian practice, 
but serious injuries may result from pel^vic fractures Even in military 
surgery comparatively few instances of ureteral injury have been 
reported 

Spontaneous rupture of the normal ureter is extremely rare Spon- 
taneous rupture of the diseased ureter, usually at the site of an impacted 
calculus, IS not imusual Spontaneous rupture of the abdominal seg- 
ment of the ureter occurred at the site of previous ureterolithotomy 
when a stone became impacted below this point The patient was a 
man aged 60 years A urinary fistula persisted after incision and 

13 Herman, L , Greene, L B , and Hayllar, B L. Ureteral Injunes, J 
Urol 56 688-696 (Dec.) 1946 
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drainage of the abscess, until a practically functionless and badl> infected 
kidney was removed 

Instrumental perforation or rupture of the normal ureter is most 
unusual, since this structure is highly resistant to perforation by the 
ureteral catheter Mild contusions and lacerations are common enough, 
and the sequelae are well known to e%cry practiang urologist While 
stricture may conceivably result from such trauma, the probabilities arc 
that little permanent damage results 

Periureteral abscesses often occur spontaneously at the site of long- 
impacted stones, but not always as the result of actual perforation \\ ith 
urinary extravasation , in fact, the kidney may be functionless 

Catheter perforation of the ureter, even if followed by penuretcral 
injection of methiodol sodium ("skiodan”), may cause no inconvenience. 

Surgical injuries to the ureter occur more frequently in gymccologic 
operations than in other surgical procedures because of the anatomic 
relationship of the ureter to the pelvic organs of the female and the 
difficulty involved in dissection when complications arc present That 
portion of the ureter which passes through the broad ligament is the 
most vulnerable 

In tlie women’s clinic at tlie Pennsylvania Hospital during the 
period from 1936 to 1945 there were four injuries to the ureter m a 
total of 7,966 gynecologic operations No injur>' to the ureter was 
recognized during the same period in a senes of 15,325 dcln cries, which 
includes 1,568 cesarean sections 

Injury to the ureter may go unrecognized, cspeciall} if it is ligation 
of a ureter Urctcrovaginal fistula may result 

The ureter may be severed during resection of the bladder or 
divcrticuleclomy The injury' is usually treated by ligation or reim- 
plantation of the ureter into the bladder Reimplantation seemed to 
prolong the life of 1 patient whose opposite kidnc\ was dcstro^cd later 
bv calculous p>oncphrosis 

BLADDER 

Rupture — Fiegal and Polzak report 3 cases of spontaneous nip- 
ture of the tinnar)' bladder They state that the most important cau^c 
of spontaneous rupture of the bladder is o\erdistcntion, on the ban-, 
either of prostatic enlargement or urethral stricture The fuller the 
bladder, the more likely it is to rupture Neurogenic d\sfunction iin\ 
also account for some of the cases of o\crdislcntion Alcohol, b\ dullirg 
the sensonum, dclajs the urge to aoid and tends to produce o\cr- 
distention Becauce of this, alcohol is frequenth an important etmlo-ic 
factor m rupture of the bladder whether 'spontaneous or trai irauc 

14 Ficfnl, \\ M and PohaV T \ Srorfnto„' Rwr^tne o' '1 - I ' 
Bladder. T Urol 5C ICO (Aup ) 1C46 
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Long-standing distention i\ath resultant degeneration of tlie \ esical -wall 
and pathologic changes in the \\all produced by neoplastic or inflamrna- 
tor3'’ disease also play a role in the production of spontaneous rupture. 
The rupture is almost im^nabl}’’ intrapentoneal The patient com- 
monly experiences severe abdommal pam follo^^ed b}'’ d}suna and 
urgency Very frequentl}'^ he voids a small quantit}'- of grossly bloody 
unne, after wluch complete retention is present The abdomen is 
usually rigid and tender and frequently a fluid w ai e and shifting dulness 
to percussion can be ehated Hiccups may be present, vomiting and 
nausea are often prominent S3Tnptoms Leukoc3i:osis vnth a relatne 
increase in the number of pol}Tnorphonuclear cells is nofaced almost 
invanabl}’- 

Spontaneous rupture of the unnar}' bladder is an acute surgical 
emergency Laparotomy with aspiration of intrapentoneal fluid, closure 
of the rent and adequate dramage of the bladder -vntII reduce the mor- 
tality and morbidity Use of pemcillm, sulfonamide drugs and care m 
choice of anesthetic \nll further improve the prognosis 

Inflammatory Conditions — Moulder^* presents a case of thrush of 
the unnar}’^ bladder and discusses the condition He states that the 
lesions are soft pearly white shghtly elevated patches which resemble 
deposits of coagulated milk, but the}’^ adhere firmlv so that the mucosa 
bleeds when they are removed Scrapings of the affected parts reieal 
the filaments and the yeasthke cells 

The case presented is that of a 26 jear old white soldier who had expenenced 
attacks of urinary frequenc\, both nocturnal and diurnal, for eight lears At 
times frequency and urgencj' would become intense, and occasionallj there was 
gross hematuria. A constant feelmg of discomfort was present m the vesical 
and penneal regions Urmalysis showed a cloudy, yellow speamen, pn 5, speafic 
grantv 1 022, trace of albumin, no sugar, 12 to 15 erythroiytes per high pow er 
field and 100 leukocj-tes per high power field. Culture of the urme on Sept 11, 
1944, reiealed many colonies of nonhemol 5 dac Staphylococcus albus and mam 
colonies of fungus similar to Momha albicans All subsequent examinatioiis of 
cultures of unne revealed essentiallj the same findmgs except that on October 
11 and 20 pure cultures of Momha albicans were isolated under stnctlv stenle 
conditions At cystoscopy a 24 Brown-Buerger cystoscope was passed easili 
to the bladder The capaaty was 160 cc. The mucosa was invohed in a diffuse 
rather mtense inflammatory reaction, the mucosa itself appeanng red and shcL 
but no vessels were prominent except oier the tngone. Located just medial to 
the left ureteral onfice and just aboie to the left m the bas-fond and up toward 
the dome of the bladder there were three distmct shghtly elevated, white irregular 
patches measurmg about 1 by 2 cm. in diameter They' appeared to be firmlv 
attached to the imderlymg mucosa. The ureteral onfices appeared normal except 
for the minor edema of diffuse cvstitis The postenor and antenor parts of the 

15 Moulder, kl K. Thrush of the Unnan Bladder Case Report, J Urol 
Se 420-426 (Oct) 1946 
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urethra appeared normal and were not in\ol\ed m an\ ulccrati\e procc'c A 
6 F catheter was passed casil> to each kidnc\, and clear urine flowal freeh irom 
each side Renal function test with indigo carmine re\calcd prompt appearance 
and a 4 plus secretion of the d\c Retrograde p\clograms reacalcd that the upper 
part of the urinarj tract was normal On differential count 1 or 2 lculoc\te‘- 
and an occasional crjthrocjte from each renal pels is were found \ either p\o 
genic nor jeast organisms were found on culture. 

The patient was treated with penicillin, irrigations of the bladder with <ul\cr 
nitrate solution and with solution of gentian Molct fulguration of the le'^ions ami 
repeated courses of administration of sulfathiazole during a period of nine montlu 
at the end of which time the urine was normal and the eesical muco':a wa"; ob'cr\ed 
to be normal on c>stosccpic examination Sulfathiazole was appircnth the most 
effectnc of the \arious therapeutic measures used 

Crance discusses grain mite infection of the unnart tract and 
rejiorts 3 cases Grain mites are sporozoa and are encountered m 
myriads in foodstuffs whicli are beginning to ferment The\ are jiarticu- 
larly abundant m different kinds of cheese sucli as Parmesan Qicddar 
Gruyere and Dutcli cheese They maj he found in tlic c\es of tlie 
cheese lint are sometimes present under tlie crust in which tlic} dig 
innumeralile tunnels Tliey abound m flour and bread Thc\ ma\ 
therefore he earned to the digestne s\stcm of man with his food and 
may lie found during microscopic examination of tlie stools 

Crance states that, in looking for the gram mite ( T\ roghjihiis 
longior) m the urine, the specimen must he centrifuged >'e\cral minutes 
at high speed It may even he ncccssar\ to centrifuge ctecral ‘speci- 
mens, and it IS preferable to use the sediment after a specimen has 
stood 111 a conical glass When looking for the mite, using the low 
lower lens (and the gram mite is casih seen under low power) one 
IS impressed In the fact tint the epithelial cells and the oceasminl lun 
cells and other debris occasionalK show a motion different irom that 
noticed on examination of a wet Miiear when e\er\ thing iiKne-s in 
one direction brinar\ dehris and •-o forth in tlm imt inn do not 
seem to mo\e m the same direction This should make one snsjutiou'' 
that i grain mite is working in the neighborhood 1 he ^hde -houhl 
then he mo\ed carefulh toward the ])oint where this motion ^einis to ht 
originating When one is successful in finding it there is no donht 
whitsocxer as to its identite J he mite will lie lotind nioeing mrward 
slowh in a side to side lohster-hke fashion with his chv s Inist o]iening 
iiid closing Careful focusing will rexeal tlie mx tills jiroiecting out 
from the stern Ihese tails are elon together 

SMigitoius of the infeilion eoiisist ut ireqiiiux oi nvi ' ir ti 
tiigetiex iiid nocturia, often of s^xerc degree 
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possible Possibly the eggs reach the bladder through the kidney and 
ureters, and hatch after implanting themselves on the vesical wall 

In the 3 cases reported treatment consisting of irngations of the 
bladder and instillation of 20 per cent solution of mild protein silver 
(“argyrol”) was rapidly successful 

Tahara, Lechner and Hess report 3 cases and discuss the mani- 
festations and treatment of a condition which they feel is a new clinical 
entity The condition is characterized by symptoms of marked unnary 
frequency, stranguna, gross hematuna, a small contracted bladder and 
dilatation of the ureters from the intramural portion up to and involving 
the pelvis and cahces of both kidneys They have named the disease 
“acute interstitial cystitis” and feel that it is an acute inflammation of 
the muscularis of the vesical wall 

The patients were young males and the condition apparently began 
with a mild to moderately severe form of urethritis or prostatitis which 
responded initially to treatment with sulfathiazole or penicillin only to 
be followed (in three weeks in 2 cases and nine months m the other 
case) by the more severe vesical S3miptoms of acute interstitial cystitis 
The prognosis is good, treatment with large doses of penicillin was 
effective Neoarsphenamme also was used in the 3 cases reported 
The writers feel that the diagnosis of this condition can be made from 
the history and intravenous urograms and that instrumentation should 
not be used 

Neoplasms — Ockuly and Helwig report a case of endometriosis 
of the unnary bladder in a 26 year old woman who had expenenced 
symptoms of abdonunal pain and frequency of urination for five years 
These symptoms were aggravated during menstruation, gradually sub- 
sided following it and were minimal immediately pnor to the penod 
Cystoscopic examination showed a mass approximately 4 cm in 
diameter on the postenor wall of the bladder near the dome and to 
the left of the midline The tumor was slightly raised and ivas 
covered with short, fine villi, between which an occasional minute, trans- 
lucent cyst could be seen The tumor disappeared m several weeks 
after roentgen therapy Ockuly and Helwig state that endometriosis 
of the bladder is varied in symptoms, physical findings and even gross 
and microscopic appearance depending on the extent of involvement 
of the vail of the bladder and the stage of the menstrual cycle Vaginak 
C3''stoscopic and urinary findings may be entirely lacking m the early 
stages of the disease 

17 Tahara C Lechner, C , and Hess, E Acute Interstitial Cystibs A 
Clinical Entity, J Urol 56 535-543 (Nov ) 1946 

18 Ockulj, E. A, and Helwig, F C Endometriosis of the Unnary Bladder 
with Report of a Case, J Urol 55 464-469 (Maj) 1946 
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Melicow states tliat the correct interpretation of a biops% oi tlie 
bladder is contingent on the cooperation of urologist, technician and 
pathologist 

He states that because of the beliaMor of lesical tumors, the ^aluc 
of a biopsy of the bladder is limited because (a) complete eradication 
of a benign tumor does not necessanh mean cure because new tumor« 
may develop subsequently, (b) the cell population of a \csical tumor i-- 
not always uniform, changes cliaracteristic of malignancx arc likcl} to 
occur at or near the base and are often inaccessible to the biops\ 
forceps, and the liiopsy, therefore, maj or maj not be representatn c 
of the remainder of the tumor 

The grading of vesical neoplasms is of \aUie for statistical and 
pathologic studies, and as a shorthand description of a tumor 

Physical factors, size, breadth of the base, the presence of infiltration 
and extramural involvement of the bladder, as well as the findings at 
liiopsy, should guide treatment and prognosis 

Milner discusses treatment of carcinoma of tlic bladder for the 
past five years w ith special reference to the closed method of treatment 
For the purpose of simplicity he divided carcinoma of the bladder into 
two mam groups, namely, papillary carcinoma and epidermoid carci- 
noma In the first group he has placed all papillar\ growths, non- 
infiltrating and infiltrating In the second he has placed the solid sessile 
"meaty” types of tumor, most of which, of course are iiifiltratiiig 
For tins paper he has collected 2-15 cases in winch operation was 
performed on the urologic scnice at the Mban\ Hospital from 1910 to 
19-15 Of these 2-15 patients ISS, or 76 7 per cent, ha^c been accuratch 
followed, 57, or 23 3 per cent could not be traced and for them no 
record is a\ ailable 
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cent, were treated by the closed method exclusively namely, trans- 
urethral resection of the tumor down to and exposing the muscle layer 
of the bladder wherever the depth of infiltration did not make tins 
impossible The base of the tumor was then fulgurated Resection 
should be earned out so as to remove at least inch (0 32 cm ) of 
what appears to be normal mucosa surrounding the base of the tumor 
itself The actual size of the tumor should not always be a contraindi- 
cation to transurethral resection even though it might be easier for the 
surgeon to perform cystotomy Three patients had tumors which 
weighed more than 100 Gm 

Cases are selected for radium implantation on the basis of the 
evidence of infiltration seen at preliminary cystoscopy Milner states 
tlie belief that the lessened morbidity accompanying transurethral 
implantation of radon seeds more than makes up for the greater 
accuracy obtained by opening the bladder For high voltage roentgen 
therapy 4,000 or 5,000 r are given through three portals High voltage 
roentgen therapy is employed only m cases of infiltrating tumor in 
which some extra help is felt necessary Milner uses it routinely in 
cases of multiple papillary carcinoma, grade 1, for he feels that it tends 
to reduce the possibility of recurrence in these cases In no instance 
of multiple tumors has the high voltage therapy entirely prevented 
recurrence, but he feels that the degree of recurrence has been less 
Some noninfiltrating carcinomas require neither of these last two 
procedures ^ , 

Partial cystectomy or segmental resection of the part of the bladder 
involved was performed in 1 5 cases' 

Total cystectomy with transplantation of the ureters to the intestine 
was carried out in 3 cases One patient was a poor risk and was 
operated on largely for relief of intractable pain The other 2 died as 
the result of metastasis, 1 two years and 1 twelve montlis postopera- 
tively Neither of the tumors m the last 2 cases showed any signs of 
extension preoperatively or at operation In 93 cases, or 38 7 per cent, 
the tumor was an epidermoid carcinoma , in 145 cases, or 60 4 per cent, 
papillary carcinoma, m 1 case, or 0 4 per cent, malignant melanoma 
Ninety, or 37 5 per cent, were grade 3 and 4 tumors, 150, or 63 5 per 
cent, ware grade 1 and 2 tumors, 163, or 67 8 per cent ware definitelv 
malignant according to the microscopic diagnosis, 75, or 32 2 per cent, 
ware grade 1 tumors The operative mortality rate was as follow's 
total c 3 'stectomy, 33 3 per cent (1 patient of 3), partial cystectomy, 
6 7 per cent (1 patient of 15), and transurethral resection, 0 4 per cent 
(1 patient of 225) Of the 189 patients concerning whom definite 
information is available 71 patients, or 37 6 per cent, are knowm to 
be dead , 61 patients 2 of wdiom ware monbund on admission and 
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could not he operated on or 32 3 per cent, died as a result oi tlicir 
disease and 10 patients died from other causes hut ^\crc tree from 
tumor Transurctliral resection has effected aire in a good numher 
of cases up to tliree and four \cars The results for segmental rc-cc- 
tions ha\e been somewhat more disappointing than Milner expected 
in view of the care with which these patients ha\e hetn '■elected lor 
operation Results from total cjstectonn ha\c hcen uniformh had 
3 patients were operated on and no cures were accomplished Tins 
however, in Milner’s opinion is not the fault of the operation hut rather 
of the selection of cases 

Barnes Turner and Bergman-’ state that tumors oi the bladder 
more than 5 cm in diameter and those situated m the \cntral pnrtu'ii 
of the dome of the bladder should he remoeed at open operation other- 
wise endoscopic elcctrosection and fulguration are the methods oi choice 
A thorough removal of tumor tissue can he accomplished through the 
endoscopic approach because the tissue can he examined mimiteh and 
thoroughlv through the lens s\stcm of the instrument and a distiiietion 
between tumor tissue and Acsical muscular tissue can he made From 
this observation it can he detennined whether all the tumor tissue Ins 
been reino\ed There is danger of cutting cntireh through the \csical 
wall and cxtra\asation of urine into pcrncsical tissues ma} result 
when the endoscopic approach is used hut the danger is miiumired 
when the surgeon is familiar with the difference in ajipcarmce ot the 
tissues 

During the past fne a ears the authors hi\e been using radon 
emanation seeds implanted into the .area where the tumor ]ire\iousl\ 
was after endoscopic elcctrosection and fulguration for treatment oi 
lesions of grade 2 or more of malignance The usual tune ol uiii)l uita- 
tion of tlie seeds is four weeks after resection and fiilgur.ition of tin 
growth B\ this time most of the dcMec itc<l tissue has ■-loughed iw i\ 
and a deeper more accurate implant is jms'-ihle Dm md fn i-t(nths 
nullicurie steels are placed about Oa cm apart throuelioi t the tunvir- 
he iniig area of the ecsical wall and are embedded about 1 em (ht] 
In most cases the imjilantatioii is done through tlu eNsto-eope ml 
if this is jicrformcd correcth it is is aecurite as when tlu < pen s^p'-s- 
mihic aiinroach is used 
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and the results of treatment are superior to those obtained in the group 
of cases m which it was not used 

The study also shows that the higher the grade of malignancy of the 
vesical tumor, the poorer the prognosis, and that in general the results 
of the use of radon seeds in the more malignant tumors are not as 
good as when used m the grade 2 tumors 

Muellner states that cancer withm a diverticulum of the bladder 
cannot be looked on as a rarity and must be regarded as a possible 
menace in all cases of large diverticula of the bladder This point 
needs to be stressed, since in most cases the cancer within the diverticu- 
lum produces no specific symptoms whatever Hematuna which is 
predominantly associated with it usually is explained erroneously on 
the basis of associated prostatism or infection The cavity of a large 
diverticulum cannot be explored by cystoscopic means Moreover, 
cystograms only rarely reveal cancer thus situated In most instances, 
therefore, the cancer within the diverticulum can be discovered only 
by digital exploration when the bladder is opened surgically A sate 
course is to explore surgically all large diverticula of the bladder, to 
excise them whether they are found to be free of tumor or not and to 
deal with the obstructing prostate by means which suit the individual 
surgeon best In this manner, tumor-bearing diverticula are dealt with 
early and the insidious and eventual development of cancer within 
them IS prevented 

Wilhelm®® reviews 15 consecutive cases in which total cystectomy 
was performed There were no operative deaths 

In the first 8 cases operation was done through a suprapubic 
abdominal incision with bilateral cutaneous ureterostomy m one stage 
None of these patients lived much more than two years, nor did any 
lead a comfortable life after this operation Three who died had 
distant metastasis or residual neoplasm in the stump of the prostate and 
urethra , 5 died as the result of renal infection and uremia 

In operation on 0 male patients the combined penneoabdominal 
method with implantation of the ureters into the sigmoid colon was 
used Five of the men were hving comfortably and were able to void 
through the rectum with normal control when the report was made 
The 1 remaining patient, who had an advanced carcinoma, survived 
the operations but died five months later as the result of a large 
residual carcinoma 

The operation is done in two stages at the first, the right ureter is 
implanted extrapentoneally into tlie sigmoid colon , at the second stage, 

22 Muellner, S R Cancer in Dnerticulum of the Bladder A Pitfall to 
the Rescctionist, J Urol 56 427-428 (Oct ) 1946 

23 Wilhelm, S F Total Cystectomy by the Combined Penneoabdominal 
Method, Surg , Gj-nec. &. Obst 84 90-96 (Jan ) 1947 
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the bladder, seminal ■vesicles, prostate and posterior portion of tiic 
urethra are removed in one piece through a combined penncoabdominal 
incision, and the left ureter is implanted evlrapentonealh into the sig- 
moid colon 

In males, preliminar)' mohihyation of the urethra, prostate and icsicil 
neck through the perineal incision simplifies grcath tlic subsequent 
suprapubic excision of the bladder 

The combined perineoabdonutial method of total c\stcctom\ is recom- 
mended for use in cases of infiltrating carcinoma of the \ esical neck and 
tngone in which the patients arc men because it permits trul} radical 
excision of the bladder together with the attached posterior urctlira the 
entire prostate and the seminal \esiclcs 

Kleiman discusses massuc bladder implants resulting from car- 
cinoma of the renal pelvis and reports a case 

The patient in his case •was a man aged 50 jears •who had undergone 
nephrectomy on the left side and subsequent higli \oUage roenlgLii 
therapy tw'O years earlier for treatment of a tumor Ureterectonn v as 
not performed The large tumor had obstructed the renal pchis and 
microscopically had been found to be papillarj carcinoma 

On cystoscopy a large Mihform papillary infiltrating tumor v as 
noted It extended from the left trigone and post-trigonal region to tin 
internal urethral orifice and inaadcd well beyond the midliiic \ com- 
plete cystcctomv was performed The prostate, seminal \csiclcs, \as 
deferens and ureteral slump were also rcmo\cd No evidence of an\ 
extension from the bladder into neighboring structures was found The 
entire mucosa of the bladder was involved bv numerous papillarv caiili- 
fiower-hke growths comprised of firm gray tissue It^' v.all '•IiowkI 
evidence of extensive infiltration and in places measund up to 1 S cm 
m thickness 

Tumors of the renal pelvis occur much Ic^s freqiieiitlv than th>i e in 
the parenchvma T he former are m^uallv maliginm and p nhoU gicahv 
resemble tumors of the bladder or ureter Mo^t e(jinmoniv thev an^i 
m the mucous membrane of the pclvi'- and cahtes FiieM coiij,ri^c tl < 
papillarv and nonpapillarv epithelial (iiinor^ 
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chronic infection Hematuria, the most frequent symptom, may or nia\ 
not be associated Avith passage of blood clots Papillarj' growth tends 
to bleed sooner than the less vascular infiltrating tumors 

The treatment of choice for papillary carcinoma of the renal pchis 
is complete nephroureterectomy including excision of tlie vesical vail 
adjacent to ureteral meatus Papillary tumors of the renal pelvis ha\e 
a great tendency to recur m the bladder following partial nephrectomi 
The prognosis is particularly unfavorable when the renal parenchym 
and perirenal fat are involved In cases of nonpapillarj' tumors 
whether operation is performed or not, the patient usually dies vithin 
a year The scirrhous type of carcinoma metastasizes early and offers 
a grave prognosis The papillarj^ tumors offer the best prognosis if 
diagnosed early, pro\nding complete nephroureterectomy is performed 
Neurogenic Changes — Miillenix reports on the use of cystometrj 
and states that it has been of great value in outlining management in a 
large number of cases of neurogenic bladder due to wounds of the spinal 
cord and cauda equina. He states that repeated cystometnc studv is the 
most important diagnostic aid m the urologic study of the neurogenic 
bladder and it provides a permanent graphic record of progress o\er a 
period of time By Mullenix’ technic of cystometry the passive resting 
pressure and the active voiding pressure respectively for each hundred 
cubic centimeters of increment to contents of the bladder is recorded 
He thereby obtains a graph displaying the difference between active and 
passive pressures which represents the expulsive force , this difference is 
shown by a third curve on the graph called tlie voiding potential He 
found that in those cases presenting a wide difference between the passive 
and active pressures patients usually were able to void, while m those 
in which the passive pressure approached, and occasionally equaled, the 
active pressure patients were never able to void Thus a choice betiveen 
performing cystostomy early and leaving an indwelling urethral catheter 
m place for a time is made more easily 

Bumpus, Nourse and Thompson -® report the urologic complications 
observed m 101 cases of injury or disease of the spinal cord occurnng 
among United States Navy personnel 

The most frequent urologic complication of injui^' of the spinal cord 
IS the so-called cord bladder In 56 cases this vesical dysfunction fo 
lowed gunshot or shrapnel wounds In 34 it resulted from fractures o 
the spinal column Among 11 other cases, the vesical paralysis vas tie 
result of tumors of the spinal Cord in 2, followed mflammator}" disease 


25 Mullenix, R B Cystometry in the Stud\ of Traumatic Neurogenic Bhd- 

der, J Urol 55 470-482 (Maj ) 1946 

26 Bumpus, H C, Jr , Nourse, M H, and Thompson, G I 
Complications in Injurj of the Spinal Cord, JAMA 133 366-369 ( e 
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m 5, developed insidiously after the patient had spent eighteen months 
in a Japanese concentration camp in 1 (probably from a dietar}^ defia- 
ency), was associated with myelodysplasia in 1 and a protruding inter- 
vertebral disk in another and was the aftermath of spinal anesthesia in 1 

The height of the lesion m the cord has a distinct bearing on the 
urologic complications Lesions above the conus medullaris, where 
physiologists and neurologists consider the mechanism of the bladder 
reflex to be (anatomists consider the mechanism to be close to the 
eleventh and twelfth thoracic vertebrae), involve the pathuavs of 
inhibitory impulses from the higher centers Injuries which occur at 
the conus or below, in the cauda equina, do not interfere with these 
inhibitory tracts but damage only the reflex arc 

Perhaps of more importance than the level of the lesion is whether 
It IS complete or incomplete The sparing of nerve tracts and late 
recovery of the ability to transmit impulses account for unpredictable 
improvement in many cases 

In the great majority of cases tivo types of neurogenic vesical d>s- 
function were demonstrable There was either an automatic or a reflex 
type of bladder, in wfliich the lesion w'as, as a rule, above the tenth 
thoracic vertebra, or a retention bladder with overflow' incontinence, in 
which the injury was usually below the tenth thoracic vertebra and gen- 
erally involved the cauda equina 

The type of dysfunction w'hich is caused bv lesions low in the spinal 
column that usually involve the cauda equina is the most responsne 
to transurethral resection Examination through the c\stoscope shows 
various degrees of relaxation of the neck of the bladder In some cases 
the region of the internal urethral orifice is constricted so that the 
bladder and dilated prostatic urethra have an hourglass appearance In 
some cases, a bar type of defomiitj and m others an appearance like that 
of the vocal cords are seen In all cases the ^eslcal wall is trabeculated 

In cases of cord bladder, enough tissue is remoied from the entire 
circumference of the vesical neck to make a definite funnel of the pros- 
tatic urethra Postoperative retention depends as after prostatectoiin 
on the external sphincter To make this funnel requires the remo\al of 
but a small amount of tissue If the first resection docs not produce the 
desired eflfect, multiple operations are indicated, although the total 
amount of tissue excised seldom exceeds 10 Gin In 16 cases of tlii^ 
scries multiple resections were cmplo\cd Of 19 patients whose in]ur\ 
was at or below the le\el of the ele\enth thoracic \ertcbra and for whom 
transurethral resection was performed 36 could urinate ^olunt'l^l\ when 
the report was made Each could cinpt\ liis bladder conijilttch b\ 
straining could sleep through the night without \oiding and was con- 
tinent Each could tell when his bladder was full although the sensation 
which he described is not normal — a dull ache or hea\% iccling in the 
lower part of the alidoinen 
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Transurethral resection has been of much, though less, benefit m cases 
of lesions high in the spinal column m which automatic or reflex dys- 
function has been established but function is inefficient in that the bladder 
does not empty completely Thus reflex stimulation might occur when 
the bladder contains 400 cc of unne and voidmg takes place If, how- 
ever, 200 cc of residual urine remains after voiding, one must class this 
as an mefficient type of automatic bladder The patient is deprived of 
the full reservoir function of the bladder If, in some way, the bladder 
can be made to empty completely, the interval of time between reflex 
urinations can be doubled In 19 of these cases transurethral resection 
diminished or entirely abolished the amount of residual urine, and in 
almost all cases in which previously it had been impossible to free the 
urine of infection the urine became crystal clear and finally free of path- 
ogemc organisms Resection in such cases did not produce incontinence 
To the contrary, it tended to relieve it 

Until such time as the bladder has recovered whatever emptying and 
retaining function it is going to regain after the initial injury, the 
question of dramage is paramount In the first few weeks following 
injury the use of a urethral catheter, if it can be properly maintained, is 
the easiest method of caring for vesical drainage In cases in which 
drainage will be necessary late into convalescence, suprapubic drainage is 
preferable To increase the capacity of the bladder and to try to over- 
come Its spasticity, tidal drainage is used early in convalescence 

A total of 58 patients were treated by transurethral resection, in 57 
cases the operation was successful, but in 1 case the result was total 
failure Only 6 patients are now dependent on catheters, 93 can 
pass urine without mechanical assistance of any kind Of this num- 
ber, 53 have a voluntary type of urination, while in 40 it is automatic 

Emmett and Dunn discuss transurethral resection m the surgical 
management of cord bladder Cord bladders are characterized by (1) 
increased tone of the bladder with trabeculabon, (2) presence of residual 
unne and (3) “active” incontinence Inefficient vesical contractions 
result in intermittent unnation which vanes from frequent spurts of 
small amounts to sudden precipitate evacuations at reasonably long 
intervals of larger volumes of unne The ineffiaent vesical contractions 
are unable to overcome the obstruction completely because of the 
spasticity of the vesical neck, and residual unne is the result Removal 
of this obstruction of the vesical neck should therefore tend to eliminate 
the residual unne 

One charactenstic type of cystoscopic appearance of the true cord 
bladder is the more or less constant “writhing” appearance of the blad- 
der, nhich appears to be constantl}'^ undergoing irregular contractile 

27 Emmett, J L., and Dunn, J H Transurethral Resection m the Surgical 
Management of Cord Bladder, Surg , Gjmec & Obst 83 597-612 (Nov ) 1946 
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The interuretenc bar at times is enlarged to a tremendous degree, 
and IS definitely obstructive Cautious removal of this bar and some of 
the hypertrophic vesical nail near the A'^esical neck (often in the anterior 
quadrant) may be necessary 

The writers report the results with transurethral resection in 30 cases 
of cord bladder as follows good, 23 cases , improved, 4 cases , fair, 2 
cases , poor, 1 case They conclude that cord bladder is no longer a hope- 
less situation and that satisfactory vesical function can be restored by 
mechanical adjustment of the vesical neck through transurethral resection 
and by teaching the patient to use unaffected muscles to aid him to void 

Miscellaneous — Frost discusses urinary incontinence m the female 
and states that while it may be a separate entity it is most commonly 
associated with urethrocele or cystocele and also, at times, a downward 
rotation of the urethra under the symphysis In many cases there is 
relaxation of the vesical sphincter resulting in a combined cysto- 
urethrocele and a shortening of the urethra Not all of these patients 
are incontinent, however, and Frost therefore believes that there are 
added factors including damage to the voluntary muscles of the urethra 
The mere tightening of the neck of the bladder by plication and failure 
to correct the damaged urethral muscle may be the explanation of oper- 
ative failures Frost presents the following fundamentals for the 
surgical procedure in the correction of incontinence (a) free mobiliza- 
tion of the bladder by its separation from the anterior vaginal wall, 
posteriorly from the cervix as far as the uterovesical fold, laterally until 
the vesicovaginal fascia is visualized as a smooth capsule and upward 
laterally under the pubic rami on each side to free the urethra, and (b) 
plication of the urethra and base of the bladder without tension from a 
point just below and lateral to the external urinary meatus and continued 
posteriorly to a point which includes the vesical sphincter Thus the 
urethra is lengthened and the damaged voluntary muscle and relaxed 
sphincter are repaired Added support to the urethra and bladder is 
created by means of strips of tissue excised from the anterior vaginal 
wall and sutured to the under surface of the symphysis and the vesical 
neck The desired result is the restoration of the urethra vesical sphinc- 
ter and base of the bladder to their normal anatomic relationships 

PROSTATE 

Neoplasms — McCrea-” states that there is no uniformity of opinion 
as to the best form or dosage of estrogens to be used in the treatment 

28 Frost, I F Urinary Incontinence with Special Reference to Certain 
Factors Which Are Necessary’- in the Cure of This Condition, Am J Surg 
71 172-179 (Feb) 1946 

29 McCrea, L E Carcinoma of the Prostate A Resume of Treatment 
with Ethinjl Estradiol Preliminary Report, J Urol 56 697-703 (Dec) 1946 
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The decrease in size of the prostate is remarkable in most instances 
foUoiMng mstitution of the combined use of orchiectom} and estrogens 
In this senes of 15 cases, it has not been necessary to perform a single 
transurethral resection after the mstitution of combmed therapy When 
onginlly exaimned man} of AlcCrea’s pabents had acute urmar}’- reten- 
tion Drainage ■with an mdwelling catheter Mas mstituted Within a 
month after orchiectomy Muthout exception it M'as possible to remo\fe 
the catheter, obnatmg the necessity of transurethral resection Undoubt- 
edly if this senes Mere larger there would have been instances in 
Mhich decrease would not have occurred and transurethral resection 
Mould have been necessar}'^ It is further believed that ceitain t}^es of 
prostabc carcmoma exist M^hich respond differently to estrogenic 
therapy 

The breasts may become grossly enlarged and are sometimes painful 
Such reactions are the exception rather than the rule Kearns m a 
report on the use of the drug states that similar beneficial and untoward 
effects as Mell have occurred Math ethinyl estradiol with the exception 
that there is definitely less stimulation of the breasts Math the true 
hormone and possibly less gastric irntabon Not only is the tenderness 
of the breasts less likely to develop wath estradiol but changing from 
stilbestrol to estradiol bnngs about diminution of the tenderness 

Edema of the loMer extremibes may be seen occasional!} during 
estrogen therap} The edema may be unilateral or bilateral and is 
usually not of great climcal importance. 

Chase, Burt and Hess report their use of orchiectomy m the treat- 
ment of caranoma of the prostate m 54 cases They state that inhibibon 
of androgens by admmistrabon of estrogen is unsound because it is 
incomplete and that bilateral orchiectom} is the method of choice as basic 
treatment in prostabc caranoma because it remo^ es all of the androgens 
The only excepbon would be in those cases seen early enough to do a 
complete penneal prostatectomy Of their 54 pabents, 46 were sbll 
alue, 4 were dead of irrelevant causes, 25 M'ere fully emplo}ed and 6 
received no benefit 

Nesbit and Plumb report on 795 cases of prostabc caranoma 
diagnosed and treated at the Umversit} of ^Michigan Hospital betneen 
1925 and 1940 

Comparabve data at the present bme mdicate that sunm-al rates are 
significantly mcreased by endocnne modificabons m the senes studied 

30 Chase, D W , Burt, K. L, and Hess, E Orchiectomy m the Treatment 
of Carcmoma of the Prostate, Am J Surg 71 522-525 (Apnl) 1946 

31 Nesbit, R. M., and Plumb, R. T Prostatic Carcmoma A Follow -Up 
on Seien Hundred and Nmetv-Five Patients Treated Prior to the Endocnne Era 
and a Companson of Survival Rates Between These and Patients Treated b\ 
Endocnne Therapj , Surgery 20 263-272 (Aug ) 1946 
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Whether other or comparable senes would show a similar advantage m 
favor of endocnne therapy can only be the subject for speculation, but 
the comparative survival rates among cases m which metastasis had 
occurred suggests that castration or estrogenic therapy has a benefiaal 
influence on the survival cun^e 

Ormond discusses radical perineal prostatectomy for carcinoma of 
the prostate He states that the critena for selection of patients suitable 
for this operation are important First and foremost, there must be no 
evidence of metastasis or extension The prostate must not be fixed to 
the pelvic wall and there must be no induration at the apex of the prostate 
involving the membranous urethra Some extension to the lower part 
of the seminal vesicle is not a contraindication In most of the cases only 
a suspiciously hard nodule was present m one lobe In a few the vhole 
gland was hard when felt through the rectum Roentgenograms did not 
reveal evidence of metastasis m any case and m all cases encountered 
recently the acid phosphatase of the blood was normal 

In view of the hopeless prognosis othenvise, the low operative 
mortality rate of the operation, the rarity of postoperative incontinence 
and rectovesical fistula and the fact that apparently the operation at 
least does not hasten metastasis even when it does not cure and does 
prevent recurrence of obstruction, Ormond behe\es the operation is 
useful and that it should be used more widely A corollary to this is that 
members of the medical profession should be educated to recogni/e the 
condition early and that men past 50 years of age should have the benefit 
of a careful rectal examination every year 

Miscellaneous — Berry and Miller^® discuss regeneration of epi- 
thelium of prostatic urethra following resection They examined patients 
after various inten^als postoperatively and took sections for microscopic 
examination These sections were obtained from a few dajs to three 
years after operation 

For the first two weeks after operation the prostatic cavitv is covered 
with superficial slough and adherent mucus wuth a red surface showing 
through here and there After from two to three w eeks the slough has 
separated except wdiere large tags of deMtahzed tissue are left and the 
prostatic cavity is clean, red and glistening except at the Aesical neck, 
especially on the floor just below' the trigone Slougli is still present at 
this point m many cases Not infrequently after three weeks definite 
islets of epithelium can be seen in the prostatic cavity At the end of a 
month the entire area should be complcteK healed 

32 Ormond, J K Radical Perineal Proslatcctom% for Carcinoma of Prostate 
Siirgeia 20 257-262 (Aug ) 19-16 

33 Berry, N E., and Miller, J Regeneration of Epithelium of Prostatic 
UreUira Following Resection, J Urol 56 223-227 (Aug) 
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Microscopically, there is first superficial necrosis and sloughing with 
infiltration of inflammatory cells followed by the development of granu- 
lation tissue During this period there is proliferation of the epithelium 
m the ducts and acini near the surface and metaplasia to the transitional 
type, the acini at times becoming completely filled About three weeks 
after resection, epithelium can be seen spreading out onto the surface of 
the new granulation tissue This takes place from a large number of 
points, and consequently epithehzation is completed rapidly, usually 
within a month 

The postoperative course m these cases follows closely what one 
would expect from a study such as tins, that is, frequency, pyuria and 
irritation are present during the period when slough is separating and 
there is an inflammatory process on the surface Either separation of 
slough or trauma to the delicate new granulation tissue would account for 
bleeding After three weeks, when the new epithelium begins to cover 
over, all these symptoms begin to subside Ordinarily after a month 
healing is complete and the patient would be expected to be free of dis- 
comfort It IS only then that one would expect the pyuria to begin to 
clear up, and it usually does This process of healing progresses with 
marked regularity, though infection and encrustation may delay its com- 
pletion 

URETHRA 

Traumatic lupines — MacLean and Gerrie present a method for 
the repair of wounds of the perineal portion of the urethra m which split 
thickness skin grafts are used The results m 2 cases are described 

Skin cut from the bicipital region of the left arm with the Padgett 
dermatome at a calibrated depth of 0 015 inch (0 0381 cm ) was used to 
build a tube around an inflated intratracheal cuflf drawn over a two way 
Foley bag catheter By inflating the cuff slightly, it w^as possible to 
build this portion of the urethra to a much larger caliber than normal, 
thus allowung in advance for shrinkage as healing and the surrounding 
fibrosis became complete Multiple holes were also cut m the intra- 
urethral portion of the catheter so that irrigation of the anterior portion 
of the urethra could be carried out, if desired, without disturbing the 
graft The features of a skin graft considered to be desirable are (1) 
hairless skin wuth as few glandular or accessory skin structures as pos- 
sible, (2) soft, pliable skin, (3) skin with a limited amount of elasticity 
to minimize the constricting action on the urethral channel, and (4) a 
thin graft to enhance the probability of take By using a perineal 
exposure the tube graft can be placed in the exact position desired The 
urinar\ stream was dnerted by suprapubic c^'stostomv 

34 iXtacLcan T T , and Gerne, J W Repair of War Wounds of the 
Bulbous and klembranous Urethra Using Split Thickness Skin Grafts and Peni- 
cillin, J Urol 56 485-497 (Oct ) 1946 
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testicle and cord were later found on the left side The phallus was well 
formed, devoid of urethra and did not represent an enlarged clitoris 
Androgen and estrogen assays revealed a preponderance of female 
hormones 

Injections of testosterone propionate were utilized and produced 
marked secondary sex changes 

De Moura and Basto present a case of true hermaphroditism in 
which the patient had a normal penis, with a testicle, epididymis, seminal 
vesicle and prostate and was able to secrete sperms Besides, the patient 
had a uterus, functionally active ovary and monthly bleedings through 
the urethra This is probably the first case in which the presence of a 
normal ovary and a normal testicle with presence of both ovules and 
sperms has been observed 

Inflammatory Conditions — Lewis states that tuberculosis of the 
penis IS a rare disease In the literature 110 cases have been reported 
In 72 the condition resulted from ntual circumcision, leaving 38 cases in 
which the condition resulted from other causes 

The disease may be primary or secondary, primary when no other 
endogenous focus can be demonstrated or secondary to foci either in the 
lung or genitounnary tract or both Treatment has been rather unsatis- 
factory and the prognosis unfavorable Five cases are reported from the 
Brady Urological Institute In 3 the condition was primary, and m 2, 
secondary 

A hypothesis as to tlie mode of infection in so-called secondary infec- 
tion IS reiterated According to this hypothesis secondary infection in 
most cases results from remoculation through coitus 

Neoplasms — Lenowitz and Graham state that, in general, car- 
cinoma of the perns is of low grade malignancy If it is diagnosed early 
and proper surgical treatment or irradiation is instituted, the results 
would compare favorably with those obtained in treating carcinoma of 
the exposed skin surfaces of the body It is also a slowly growing tumor, 
and many years may elapse before the discomfort caused by the tumor 
causes the patient to seek medical aid 

Carcinoma of the penis may be mistaken for a chancre, chancroid, 
tuberculosis, balanitis, herpes progenitalis, gummatous ulceration or 
granuloma inguinale A biopsy of all penile tumors should be performed 
to avoid error in diagnosis 

38 de Moura, A C, and Basto, L P True HermaphrodiUsm, J Urol 56 
725-730 (Dec.) 1946 

39 Lewis, E L Tuberculosis of the Penis A Report of Five New Cases, 
and a Complete Rewew of the Literature, J Urol 56 737-745 (Dec.) 1946 

40 Lenowitz, H , and Graham, A P Carcinoma of the Penis, J Urol 56 
458-484 (Oct ) 1946 
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cases increasing phimosis with marked discomfort leads the patient to 
heheve that circumcision is necessary for relief 

Carcinoma of the penis is treated by roentgen therapy or surgical 
means or a combination of these methods A lesion 2 cm or less which 
does not involve Buck’s fascia is treated entirely by irradiation The 
response to irradiation should be as good as that obtained m treating 
cancer of the skin of similar extent of involvement Roentgen therapy is 
used (1) as the sole method of treatment m an attempt to cure the 
patient, (2) as preoperative irradiation preliminary to surgical inter- 
vention and (3) as palliative treatment 

Larger lesions involving Buck’s fascia or the cavernous bodies are at 
the present time best treated by roentgen therapy and operation Simple 
amputation is advisable whenever part of the organ can be saved As in 
surgical treatment of tumors elsewhere m the body, wide excision of 
the neoplasm must be the aim to prevent recurrence When the lesion 
IS too extensive and part of the organ cannot be saved, total extirpation 
of the penis is the operation of choice Metastatic or suspicious nodes 
should be treated by irradiation after block dissection It is best to treat 
unilateral involvement of the groins as though bilateral involvement were 
present in order to prevent recurrence Emasculating operations are 
indicated only when the scrotum is invaded by the neoplastic growth 
Lenowitz and Graham performed major operations on 82 patients 
who 1 ad carcinoma of the penis and present a thorough discussion of 
several surgical procedures used 

TESTES 

Traumatic Injuries — Ockuly reports a case of traumatic disloca- 
tion of the testis The patient was a 24 year old soldier Ockuly states 
that to date only 71 cases of true dislocation have been reported in the 
literature, and defines the condition as the displacement of a previously 
normally located testis to a nonscrotal position by being forcibly pro- 
pelled through normal anatomic apertures or along fascial planes the 
integument of the body remaining intact Displacement may be to the 
superficial fascia of the lower part of the abdomen, dorsum of the penis, 
perineum, crural area of the thigh, inguinal canal, femoral canal or 
abdominal caMty If nonsurgical replacement is impossible, early 
surgical treatment is indicated 

Inflammatory Conditions — Nixon and Lewis'*- discuss orcbitis due 
to mumps and its surgical treatment Orchitis usually occurs before the 

41 Ockuh, E A Tnumatic Luxation of the Testis, Am J Surg 71 93- 
95 (Jan) 19-lC 

42 Nixon N, and Lewis, D B Mumps Orchitis Surgical Treatmcnt,, 
J Urol 56 554-560 (No\ ) 1946 
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<.onipklc MihsidtiKL of tlu ininlitis In raio instaiKts il ina\ precede 
tlie panitilis I)\ a miniI)Lr of daw and in olliei cases luav he the only 
nnnitestation of nnnnps Oeeasion dl\ orchitis \\ill occur three to six 
\\ee‘ks attei tlie onsii oi parotid swelliiifj 

1 he jvitKnt's tunjicniliiii cur\e is heliiful in diaj^nosis, hoth in 
the earl\ st ii;e and in the suhsu|nent course of testicular nuoheiuciil 

1 he leuiperalure iisualK rises shoith lulore the patient hegins to eoiu- 
plain ol tcstiLular teiidirness \s swelling oeetirs the tein])erature goes 
higher soinetiincs to 10s ]•' and the ]ntient eoiuplaiiis of chilliness 
haehaehe iinlaise natisea and \onnting 1 he testis heeoines hard 
smooth and exeiuisiteh tcndei and remains so for at least four or five 
da\ s 1 he tem|H rature then drops In Iwis and swelling suhsides The 
usual duration of the orchitis is about ten da\s In some cases especialK 
lliove in which orchitis develops more than fourteen da_\s after tlie 
onset of jnrotilis general s\mptoms arc few 1 he pathologic picture is 
one of aecuimilation of ludroccle fluid between the tunica \agmahs and 
the tunica alhugmea which ma\ result m pressure necrosis of the 
seminiferous tubules with suhse(|uent partial atro]>h\ of the testes 

Isixon and Lewis used the following surgical procedure for treat- 
ment in 66 cases of orchitis due to miimjis \fter infiltration of a 2 per 
cent solution of procaine hvdrochloride a small incision approximateh 

2 cm long is made over the anterior surfaee of the scrotum on the 
involved side 1 he incision is carried thiough the skin and suheutaneous 
tissues until the tuniea vaginalis is exposed 1 his is grasped with two 

Mils clamps and incised Lstiallv the hvdroeele fluid drams out under 
considerahlc pressure \ small Penrose dram is inserted beneath the 
tunica vaginalis and the wound is closed '\ftcr ojieration most patients 
re|X)rted immediate alleviation of extreme jiain and discomfort Others 
showed im])rovement within two to four hours with relief not only from 
pain hut from headache nausea and vomiting as well Within twenty- 
four hours the local swelling was considerably reduced and the testis 
could he pal])atcd with little discomfort to the patient Drainage was 
maintained for at least tvventj-four hours 

j\ cof^Iasitis — Goodwin discusses multiple benign fibrous tumors of 
the tunica vaginalis Examination reveals a scrotal mass which is 
cxtratesticular and extends upward from the upper pole of the epididymis 
and mav seem to originate in the cord or the epididymis The tumor is 
multinodular and fibrous, nearly stonv hard, yet apparently freely mov- 
able It may suggest a calgified v'aricocele, and roentgenologic examina- 
tion mav sometimes reveal small areas of calcification within the mass 
In the event of much thickening of the tunica vaginalis or associated 

43 Goodwin, W E Multiple, Benign Fibrous Tumors of Tunica Vaginalis 
Testis, J Urol 56 438-447 (Oct ) 1946 
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cases increasing phimosis with marked discomfort leads the patient to 
believe that circumcision is necessary for relief 

Caicinoma of the penis is treated by roentgen therapy or surgical 
means or a combination of these methods A lesion 2 cm or less which 
does not involve Buck’s fascia is treated entirely by irradiation The 
response to irradiation should be as good as that obtained m treating 
cancer of the skin of similar extent of involvement Roentgen therapy is 
used (1) as the sole method of treatment in an attempt to cure the 
patient, (2) as preoperative irradiation preliminary to surgical inter- 
vention and (3) as palliative treatment 

Larger lesions involving Buck’s fascia or the cavernous bodies are at 
the present time best treated by roentgen therapy and operation Simple 
amputation is advisable whenever part of the organ can be saved As in 
surgical treatment of tumors elsewhere in the body, wide excision of 
the neoplasm must be tlie aim to prevent recurrence When the lesioa 
IS too extensive and part of the organ cannot be saved, total extirpation 
of the penis is the operation of choice Metastatic or suspicious nodes 
should be treated by irradiation after block dissection It is best to treat 
unilateral involvement of the groins as though bilateral involvement were 
present in order to prevent recurrence Emasculating operations are 
indicated only when the scrotum is invaded by the neoplastic growth 
Lenowitz and Graham performed major operations on 82 patients 
who 1 ad carcinoma of the penis and present a thorough discussion of 
several surgical procedures used 

TESTES 

Traumatic Injuries — Ockuly reports a case of traumatic disloca- 
tion of the testis The patient was a 24 year old soldier Ockuly states 
that to date only 71 cases of true dislocation have been reported in the 
literature, and defines the condition as the displacement of a previously 
normally located testis to a nonscrotal position by being forcibly pro- 
pelled through normal anatomic apertures or along fascial planes, the 
integument of the body remaining intact Displacement may be to the 
superficial fascia of the lower part of the abdomen, dorsum of the penis, 
perineum, crural area of the thigh, inguinal canal, femoral canal or 
abdominal cavity If nonsurgical replacement is impossible, early 
surgical treatment is indicated 

Inflammatory Conditions — Nixon and Lewis discuss orchitis due 
to mumps and its surgical treatment Orchitis usually occurs before the 

41 Ockuh, E A Traumatic Luxation of the Testis, Am J Surg 71 93- 
95 (Jan) 19-!6 

42 Nixon, N , and Lewis, D B Mumps Orchibs Surgical Treatment,. 
J Urol 56 554-560 (No^ ) 1946 
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complete subsidence of the parotitis In rare instances it may precede 
the parotitis by a number of days and m other cases may be the only 
manifestation of mumps Occasionally orchitis will occur three to six 
weeks after the onset of parotid swelling 

The patient’s temperature curve is helpful m diagnosis, both in 
the early stage and in the subsequent course of testicular involvement 
The temperature usually nses shortly before the patient begins to com- 
plain of testicular tenderness As swelling occurs, the temperature goes 
higher, sometimes to 105 F , and the patient complains of chilliness 
backache, malaise, nausea and vomiting The testis becomes hard 
smooth and exquisitely tender and remains so for at least four or five 
days The temperature then drops by lysis and swelling subsides The 
usual duration of the orchitis is about ten days In some cases, especially 
those in which orchitis develops more than fourteen days after the 
onset of parotitis, general symptoms are few The pathologic picture is 
one of accumulation of hydrocele fluid between the tunica vaginalis and 
tlie tunica albuginea which may result in pressure necrosis of the 
seminiferous tubules, with subsequent partial atrophy of the testes 

Nixon and Lewis used the following surgical procedure for treat- 
ment in 66 cases of orchitis due to mumps After infiltration of a 2 per 
cent solution of procaine hydrochloride, a small incision, approximately 
2 cm long, is made over the antenor surface of the scrotum on the 
involved side The incision is earned through the skin and subcutaneous 
tissues until the tunica vaginalis is exposed This is grasped with two 
Allis clamps and incised Usually the hydrocele fluid drains out under 
considerable pressure A small Penrose dram is inserted beneath the 
tunica vaginalis and the wound is closed After operation most patients 
reported immediate alleviation of extreme pain and discomfort Others 
showed improvement within two to four hours, with relief not only from 
pain but from headache, nausea and vomiting as well Within twenty- 
four hours the local swelling was considerably reduced and the testis 
could be palpated with little discomfort to the patient Drainage was 
maintained for at least twenty-four hours 

Neoplasms — Goodwin discusses multiple benign fibrous tumors of 
the tunica vaginalis Examination reveals a scrotal mass which is 
extratesticular and extends upward from the upper pole of the epididymis 
and may seem to onginate m the cord or the epididymis The tumor is 
multinodular and fibrous nearly stony hard, yet apparently freely mov- 
able It may suggest a calcified varicocele, and roentgenologic examina- 
tion may sometimes reveal small areas of calcification within the mass 
In the event of much thickening of the tunica vaginalis or associated 

43 Goodwin, W E Multiple Benign Fibrous Tumors of Tunica Vaginalis 
Testis, J Urol 56 438-447 (Oct ) 1946 
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hydrocele the mass may seem to be a part of the testis or epididymis and 
may then definitely suggest a malignant lesion of the testis The correct 
preoperative diagnosis is made only about half of the time , this is prob- 
ably due as much as anything to the rarity of the condition 

Operation is indicated as it is m the case of any intrascrotal mass in 
which malignancy must be ruled out Careful inspection of the tumor at 
operation, however, is mandatory, for tliere is a good chance that an 
extratesticular tumor is benign, and unnecessary orchiectomy is unfor- 
tunate indeed Simple excision of the tumor and possibly the epididymis, 
with which it often lies in close contact, is indicated if the mass is 
obviously benign If there is any question, biopsy and, if necessary, 
orchiectomy should be earned out 

Grossly the tumor has a typical fibroid appearance and is covered 
with a smooth, glistening membrane, probably the tunica vaginalis It 
looks like typical multiple fibromas elsewhere in the body Micro- 
scopically one sees whorls of fibrous tissue and a few typical spheroids 
There is thickening of the vessel walls, and some portions present 
hyalmization and even calcification There are frequent scattered areas 
of focal lymphocytic infiltration and some plasma cells indicating chronic 
inflammation 

Goodwin suggests that the term “chronic proliferative periorchitis” 
be reserved for simple chronic inflammatory thickening of the testicular 
tunics, and that multiple fibrous nodules which appear separate from the 
testes, and apparently ongmate in the tunica vaginalis, retain the clin- 
ically more acceptable term of “multiple fibromata” even though they 
may show marked inflammatory changes and may represent the same 
disease process as “chronic proliferative periorchitis ” 

Goodwin and Vermooten ** present 2 cases of multiple fibromas of 
the tunica vaginalis It is felt that these tumors may really represent 
a proliferative type of chronic periorchitis The clinical diagnosis m 
these cases, because of the rarity of the condition, is seldom correct 
preoperatively, in spite of the fact that the physical findings are so defi- 
nite and cliaractenstic that once having seen such a nodular tumor, one 
would not be likely to err a second time In reports of several of these 
cases which the writers have collected, tlie testis was removed needlessly 
because the benign nature of the tumor and its origin were not recog- 
nized at or before operation It certainly behooves the surgeon to make 
careful preoperative examination and in cases of doubt to await the 
microscopic examination of a biopsy specimen, taken at the time of opera- 
tion, before performing orchiectomy The treatment is and always 
must be surgical, even in known tumors of the tunica vaginalis 

44 Goodwin, W E , and Vermooten, V Multiple Fibromata of Tunica 
Vagimlis Testis or a Proliferative Tyiie of Chronic Periorchitis A Report of 
Two Cases, J Urol 56 430-437 (Oct ) 1946 
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Nesbit and Lynn studied 80 cases of malignant tumors of the testis 
and found that the survival rate in the entire group was 23 8 per cent 
In 33 3 per cent of 51 cases m which metastasis was not demonstrable tlie 
patients were alive after an average of eleven years They found that 
an occasional cancer of the testis which had metastasized can apparently 
be cured by orchiectomy and roentgen tlierapy The average age in the 
group of cases reviewed was 35 7 years and the average duration of 
symptoms was twenty and five-tenths months Occasionally testicular 
neoplasms exhibit an acute onset resembling epididymitis or acute 
hydrocele They found only 33 5 per cent of 54 cases displayed sig- 
nificantly elevated gonadotropic levels The titer of gonadotropin 
should be at least 500 mouse units before the test is considered sig- 
nificant A negative result of the test for gonadotropin means nothing , 
however, a positive response dictates a grave prognosis In certain 
cases in which metastasis occurs following treatment results of the 
hormone test may be positive when they had been negative before 
therapy Once adequately treated, the patient will either survive or 
pensh, and no further endeavor on the part of the physician will alter 
the outcome significantly except in rare instances Metastatic lesions 
which fail to regress or which become clinically evident following initial 
irradiation will not respond favorably to additional high voltage 

In a study of 922 tumors of the testis, Fnedman and Moore 
classified 96 per cent of such new growths as semmoma, embryonal 
carcinoma, teratoma or teratocaranoma 

Seminomas and embi^mnal carcmomas are distinct tumors which 
differ not only in fundamental cell type but m biologic behavior and 
prognosis Chonoepitheliomas are considered a subvariety of embrj'onal 
caranomas The term “teratocarcinoma” is applied to those tumors 
which show both differentiated teratoid structures and malignant ele- 
ments and are thought to result from teratoid differentiation in embr}'onal 
caranomas Monocellular testicular neoplasms ordinarily do not origi- 
nate from preexisting teratomas 

Virtually all embryonal caranomas metastasize as monocellular 
embryonal carcinomas, but chonomatous characteristics may be evident 
in the metastatic lesions of embryonal caranomas or teratocarcinomas 
even when they are not manifest in the pnmary tumor Roughly half 
of the teratoid neoplasms which metastasize give rise to gro^vths ivith 
teratocarcmomatous structures and half to pure embryonal carcinomas 

45 Nesbit, R M , and LjTin, I M Malignant TesUcular Neoplasms 
Analysis of Eighty Cases, Surgery 20 273-279 (Aug ) 1946 

46 Fnedman, N B , and Moore, R. A Tumors of the Testis A Report 
on Nine Hundred and Twenty-Two Cases, Mil Surgeon 99 573-593 (Nov) 
1946 
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Immediate prognosis is bad in cases of embr}mnal carcinoma and 
chonoepithelioma and poor m cases of teratocarcinoma and adult tera- 
toma, winch should be regarded as matured teratocarcinomas In cases 
of seminoma, m comparison with the other testicular tumors, the imme- 
diate prognosis is good 

The architecture of testicular tissue is not reproduced m seminomas, 
and the neoplastic cells do not resemble spermatogonia Seminomas 
are probably tumors of primordial genn cells and should be called germi- 
nomas Embryonal carcinomas and teratoid tumors, which are com- 
posed of evolving and differentiating somatic and trophoblastic tissues, 
are neoplastic expressions of the unlimited potencies of embrj'omc cells 

Miscellaneous — Huhner ■*" outlines a procedure for aspiration of 
the testis for spennatozoa A few drops of tincture of iodine is applied 
to the skin at the proposed site of puncture, and a long needle attached 
to an ordinary hypodennic sjringe is plunged through the entire body 
of the testis and epididymis, and suction is applied as the needle is vuth- 
drawn slowly A small amount of collodion is applied after the needle 
IS withdrawn No anesthetic is used, and the patient may resume his 
ordinary work vnthin a half hour after the procedure 

In the examination of the aspirated fluid, two precautions must be 
obsen'ed In the first place it is important to put the point of the 
needle directly on the slide and express the fluid If air is first expelled 
from the needle, as is the custom in ordinar}^ hypodermic methods, all 
or most of the spermatozoa may be lost, for they seem to stick to the 
ver}f point of the needle, and the second precaution is to look for a 
long iihile, sometimes as long as an hour or until all the aspirated fluid 
has been examined 

This method is purely for diagnosis, to answer the question of 
whether the testis makes spermatozoa or does not or, in othei words, 
to detennme whether epididymovasostomy is worth trjung 

Huhner believes that aspiration is superior to biopsy because with 
the latter conclusions are drawn from the examination of only a small 
portion of one or both testes, and biopsy of various portions of the same 
testis yields different results 

EPIDIDYMIS 

Neoplasm — Codnere and Flynn report 3 cases of adenomatoid 
tumors of the epidid^onis 

Adenomatoid tumors of the epididvmis are globular or oval in shape, 
less than 2 to 3 cm in diameter, sharply circumscribed and encapsulated 

47 Huhner, The Investigation of the Spermatogenic Function of the 

Testicles in Cases of Azoospermia, J Urol 5G 266-268 (Aug ) 1946 

48 Codnere, J T , and FKnn, J E. Adenomatoid Tumors of the Epididjmis 
Report of Three Cases, J Urol 56 448-453 (Oct ) 1946 
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The cut surface is firm and white to gray Microscopically, these tumors 
consist of a fibrillar stroma m which are embedded tubular-hke struc- 
tures lined by cuboidal to flattened cells having prominent dark-staming 
or vesicular nuclei and acidophilic C 3 d;oplasm 

On the basis of histologic similarity, aberrant mesonephrogenic 
structures are thought to constitute the genetic foundation of these 
neoplasms 

Bothe, Cristol and Devers '‘® state that tumors of the epididymis, 
while more rare than solid tumors of the testes, are less frequently 
malignant Two cases of epidid)Tnal tumors are presented m which 
accurate diagnosis was not made until after an exploratory operation 
and C 3 dologic study 

Benign tumors are found to constitute approximately 30 to 40 per 
cent of all tumors of the epididymis The myoma appears to be the 
most frequently found vanety of this rare group of benign groivths 

As with testicular neoplasms, tumors of the epididymis rarely cause 
symptoms Their presence is detected when trauma directs the atten- 
tion of the patient to the scrotum or when the physiaan carefully 
examines the scrotal contents Since many of these tumors cannot 
be definitely separated from the testes on physical examination, the 
treatment of epididymal masses resembles the treatment for testicular 
masses Any patient who has an intrascrotal solid mass deserves surgical 
exploration The subsequent treatment will depend on the location and 
the nature of the mass found In the case of benign epididymal lesions 
removal of the mass together with the associated epididymis will suffice 

GENERAL 

Mehck ““ discusses the advantages of cotton as a suture material m 
urologic operations, including scrotal, ureteral and renal operations 
He states that uniformly excellent results have been obtained with- 
out formation of a chronically draining sinus No 80 cotton is used 
for the ligation of all ordinary bleeders, while for large vessels either 
catgut or a larger gage of cotton suture was used No 80 cotton is 
also used to close all layers of scrotal incisions No 30 or 40 cotton is 
used m approximating muscle and fascial layers Multiple fine inter- 
rupted sutures are used, the stitches being placed about 0 S cm apart 
and only small amounts of tissue being included in each stitch Cor- 
rect technic is practically forced on the surgeon with these sizes of 
cotton, since if too much tissue is included in each bite the suture will 
break when an attempt is made to tie it Renal incisions are closed bv 

49 Bothe, A E , Cnstol, D S , and Devers, P J Benign Tumors of the 
Epididvmis, J Urol 5G 710-714 (Dec.) 1946 

50 Mehck, W F The Advantages of Cotton as a Suture Material in Uro- 
logical Surgerj, J Urol 56 602-608 (Nov) 1946 



386 


ARCHIVES OF SURGERY 


suturing the posterior, middle and antenor layers of the lumbodorsalis 
fascia separately, and the muscles are not sutured In closure of a 
ureterotomy incision, the muscles are approximated loosely and then 
the external fascia is closed The skin is approximated with either 
vertical mattress sutures of no 30 or 40 cotton or with a runnmg, 
interlocked suture similar to the one made with the Smger machine 
There is practically no difference in time required to place either of 
these, however, the running suture, so made, has the additional advan- 
tage that it may be removed completely merely by cutting off the knot 
at both ends, and with one pull the entire suture line is removed 

The majority of the wounds repaired with cotton sutures m this 
senes were drained Scrotal wounds were drained for from one to four 
days, the average being two days, with small stnps of rubber dam dram 
In cases of renal and ureteral operation tlie wounds were drained four 
days with a large stnp of rubber dam drain Since in cotton there is 
no loss in tensile strength for ten days, and then only a shght loss in 
the following days, these patients may be allowed out of bed just as 
soon as their general condition permits Patients who have undergone 
scrotal operations sometimes are up walking around on the first post- 
operative day If the general condition permits in the other cases the 
patient is permitted to sit up m bed on the first two postoperative days, 
is out of bed m a chair on the third postoperative day and walks about 
with help on the fourth postoperative day 

There were no chronic sinuses, no extrusion of knots or sutures, no 
induration and no wound disruptions or postoperative hernias The 
rapidity of healing, the lack of drainage and absence of infection are 
remarkable Healing is rapid, clean and certain 
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PREPARATION FOR A MEDICAL CAREER 

Presidential Address 

CASPER F HEGNER, MD 
DENVER 

TTACH penod of history of the human race had its characteristic 
•L/ medical status 

In the beginning the causes of illness and the means of their allevia- 
tion were based on the supernatural The healers were mystics or 
conjurers 

The next period (400 to 500 B C ) witnessed the development of 
philosophy and the dawn of scientific observation m the concept of 
disease The devotees of the healing art made a study of man and his 
reaction to his environment It was appreciated that these were impor- 
tant factors in the development and well-being of man 

Then followed a period during which the plan of separation was 
developed A healer or a physician became interested in or treated a 
single disorder or a disease of a single organ or system The human 
organism as a whole was overlooked in concentrating on a relatively 
small part This is hke the system of specialties today 

With the advent of bacteriology, science began to broaden and 
dominate the field of mediane By establishing bacteria as the exciting 
or speafic cause of disease many proved factors influenang the invasion 
and course of the disease as well as its epidemiology were overshadowed 
This was followed by the present laboratory era of medicine, in 
which laboratory faahties and technicians’ reports bear the frontal 
attack and continue as major factors of the campaign in the study, 
diagnosis and treatment of disease The host of the disease receives 
consideration secondary to the more spectacular local phenomena 

War has mfluenced and will continue to influence medicine in all 
Its aspects, not tlie least being the tremendous if not excessive emphasis 
on specialization Personal qualifications, premedical studies, medical, 
clinical and graduate teaching, intern, resident, hospital staff and group 
practice are destined to be vastly different Private practice as of 
the past fifty years, dunng the period of greatest advance in medicine, 
will become legendar}^ 

Read at tlie fourth annual meeting of the Central Surgical Association, Chicago, 
Feb 21, 1947 
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The direction, speed and extent of these changes will depend largely 
on you men who have recently graduated You are on the threshold 
of the greatest epoch in history The present demands alert, young, 
well prepared, courageous men to mold the minds of students, to 
determine the teaching metliods and the future trend of medicine 
You must be conversant with medical history and the traditions of 
the past You must qualify as research workers, teachers, chmcians 
or practitioners All must be sensitive to and active in the nsmg tide of 
politicoeconomic plans that may make or mar your individual and 
collective efforts for the best interests, welfare and service of mankind 
A neglected but increasingly important duty is to encourage students 
who are personally and scholastically qualified, who are interested in 
and wish to study mediane Much can be done m guiding and advising 
m tlieir preparation 

Selecting a vocation is one of the most important acts of a lifetime 
Always perplexing, it has become more so with increasing complexities 
of modem livmg Considering how uninformed one is when so momen- 
tous a deasion is usually made it is remarkable so many make a 
fortunate choice 

Knowing what you want, and to want it witli all your heart, is 
more tlian halfway along the arduous road to attaining your objective 
Knowng where and how best to prepare for one’s ideal presents 
problems In solvmg these one must depend on others with experience 
for guidance The earher one receives proper direction, the sooner and 
more thoroughly can one prepare for one’s life work The inception 
of this understanding should be in the home 

The modem American home has lost much of the character-bmlding 
influence which it formerly enjoyed The radio with its expert com- 
mentators make one indifferent in one’s reading and thinking about 
the news and what makes it Its excellent artists on special programs 
make one impatient with amateurs Motion pictures are setting a 
comparatively low standard in taste and amusement They divert one 
from evenings at home, dull one’s interest in current events, friends, 
family and conversation 

Recorded music by master artists stimulates one’s taste for tlie best, 
but discourages lesser professional musicians and many others 

This penchant for outside diversions is lessening the desire for self 
improvement and companionship and is weakening the home influence 
wluch has been the bulwark of the Amencan way of life 

It IS in the home that character is built, that influences for good are 
strongest and the urge to accomplish and progress receives its earhest 
impulse It takes time, personal energy, interest and sacnfice to build, 
strengthen and make an attractive home life and to foster the interests 
of the children For them the home is paramount 
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Every parent should have at heart and in mind the best interest and 
future welfare of all his cluldren He can sensitize them with a desire to 
learn and encourage them to think and to have consideration for others 
He can sow the seeds of their future character 

All too early this important phase of child guidance and training is 
shifted largely, if not entirely, to the public schools There the task is 
for the many The unusual, the apt children are not earned forward 
Faahties to advance them are not provided The overcrowded rooms 
and the multiphaty of subjects confuse the children and hamper and 
overwork the teachers Whatever their mchnation they have no time 
to give to unusual pupils A qualitative pnnciple from the point of 
view of the teacher and the taught is more important than the quantita- 
tive plan which dominates the present educational program The objec- 
tive should be how thoroughly fundamental subjects can be instilled into 
the minds of pupils of the same average age and mental capaaty with 
varjnng grades of receptivity 

High schools could develop a plan whereby pupils with greater 
aptitude and scholastic ability are grouped in classes and courses best 
suited to preparation for advanced education 

Education must be available for all from the lowest school grades 
up through the institutions of higher learning More consideration 
should be given to the fact that all are not equally receptive of mstruc- 
tion, all do not develop with equal rapidity or in equal degree 

A system graded solely to the mental capaaty of the average cannot 
give adequate instruction to the more receptive pupil He, for want 
of the stimulus of competition, develops a sense of superiority and 
becomes indifferent, mentally lazy and a time waster Conversely 
such a course is geared too high for the less than average pupil who needs 
more time and requires more instruction and attention than can be given 
him He becomes acutely aware of his inability to keep up with lus 
class, becomes discouraged, acquires an mferionty complex and falls 
farther behind 

The system of teaching with courses graded solely for the average 
pupil IS wofuUy wasteful of time, effort, matenal and minds It lowers 
the standard for all It neglects the group from which the leaders of 
tomorrow are recruited 

A grouping in classes of pupils according to aptitude, scholastic 
ability and receptivity and arranging courses and type of instruction best 
fitted to the capacity of each group is efficient, economical, prachcal 
and progressive pedagogy 

This IS vital for the candidates for professional, scientific and 
advanced education By the time that students are ready for college there 
must be some indications that all are not equally capable or interested 
Arranging courses and classes to coincide with the receptivity and mental 
capaaty of the students is imperative in college 



390 


ARCHIVES OF SURGERl 


The instructor by virtue of expenence and intimate contact with 
students should be in a position to group students and to advise and 
outline courses best suited in preparation for the vocation of their choice 
Thus may one’s abilities be estimated, aptitudes discovered, interest 
aroused and efforts encouraged A future suited to one’s capabilities, 
talent and desire can then be planned more intelligently 

The virtue of stud}'' is to discipline the mind to think and to reason 
In direct ratio to one’s ability to think will be one’s status among one’s 
fellow men Thinking opens imexplored realms of science and human 
relations and blazes trails of progress that others may follow Com- 
paratively few medical freshmen known how to study or have ever 
been taught to think 

The ultimate m education is to develop the minds of youth to tlie 
end that they may attain the greatest degree of personal happiness and 
efficiency in rendering the highest grade of service to society, i e 
making tlie world a better place in which to live 

A university to be effective supervises and trains students for the 
responsibilities of civic, business and professional life 

Selection of students best suited to and qualified for advanced 
education should be an important function of college faculties Personal 
fitness, character, scholastic aptitude, ability and manners are important 
qualifications Worthy students should be financed by grants, scholar- 
ships, fellowships and residenaes 

There are no reliable short cuts or hurdles to a thoroughly grounded 
well balanced education It takes conscientious, continuing and con- 
centrated study Recognizing one’s limitations and taking timely 
appropnate measures to overcome them are duties never fully discharged 
It IS unusual m choosing medicine as a career to appreaate what 
such a clioice involves the expense, years of preparation, long period 
of unremunerative work and the lean years of getting established m 
practice All this the prospective medical student should know and be 
able to cope witli cheerfully and patiently 

I have always been interested in the reasons whicli prompted students 
to select a career in mediane Of the many interesting answers to this 
question only a few stated tliat it was a desire to be of service to humanity 
The welfare of and service to humanity are the true motives for 
choosing a medical career Senuce is and always will be the abiding 
passion of the true physiaan 

For the highest type of senuce, he must love his profession and 
mankind above all He must have physical, nerv'ous and psychic stamina, 
possess a sense of humor, good manners, pleasing address and be 
honest, honorable, unselfish, patient, tactful, charitable and understanding 
Besides tliese personal qualifications he must be endowed with a receptive 
mind and a retentive memor}’-, a scientific and scholastic aptitude spawned 
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m the home, developed m school and activated by a broad acadermc 
course Only on such a foundation can an eminentally successful medical 
career be developed 

There is no limit to improving one’s self Perfection is unattainable, 
but one must keep on trying The pursuit of perfection in the service 
of mankind is the noblest ideal It is the activator of laudable human 
endeavor and the irrepressible stimulus to ambition The true physician 
IS happy in this quest 

Nothing matures like time Maturity develops experience and 
sympathetic understanding of human, spiritual, scientific and matenal 
values, the foundation of good judgment 

Routme technic and operative procedures are comparatively easily 
taught Judgment and mtmtion, domg the right thing at the nght 
•time m the right vray, cannot be taught so easily It must be acquired 
by experience, profiting as much, if not more, from one’s failures as 
from one’s success 

To alleviate the miseries of mankind one must have a profound 
respect for the wisdom of the past One must know the natural history 
and course of disease This develops better understanding of the present, 
gives greater promise of the future control of disease 

Masters of the past, •with little to guide them but keen observation 
and logical deduction, pioneered many leads which on investigation with 
the saentific equipment of a later day became established facts 

It IS given to but few to discover a new procedure, a better technic 
or more potent remedy, the real cause of, or a speafic cure for, disease 
To learn tlie causes of illness, to know the factors for success and 
the reasons for failures of treatment is the ambition of all This is 
the pro-vince of the research worker in the laboratones and the clinical 
investigator in our teaching hospitals 

Uncontrolled enthusiasm for the new and untried leads to unwar- 
ranted hopes and subsequent disappointment 

All may put to practical test that which has given promise Record 
your experience, let neither enthusiasm of success nor discouragement 
of failure deter you from making a contribution to medical experience 
Of such IS true progress made 

Many of you are now, and some will continue to be affiliated with 
teaching institutions Teaching is a serious responsibility, a stimulating 
and valuable experience The most gratifying being to know you have 
been even in a small way responsible for the success of your students 
Otliers fired by the spirit of senuce will go far afield from medical 
centers and ready to hand laborator}-^ aids The larger duty of the members 
of the medical profession is to see that when and wherever semces are 
required, there will be competent medical and surgical attendants Being 
well prepared and thoroughly trained one vnll give excellent senace 
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and acquire a rich expenence From the far flung frontiers of medicine 
one can make important observations and valuable contnbutions scarcelj 
second to the studies of classic, cloistered, scientific laboratory and 
clinical research workers 

The true science and study of mankind is man The reaction of the 
human organism as a whole is no less important than is its local reaction 
to disease 

Jean Nicolas Corvisart (1755 to 1821), the first cardiologist and a 
great teacher, brusquely asked a student who came mto his clinic what 
he came for “To study, sir,” replied the student “Good,” rephed 
Corvisart and, pointing to the assembled patients, said, “there are your 
books, but they are not so easy to read as a pnnted book ” ^ 

Comparative animal expenments and research are most valuable 
scientific procedures These probe paths for progress in medicine. 
They can never fully replace clinical observation and research, which 
carry the seed and product of saence to benefit the ill patient 

The art of medicine, clinical, comparative and scientific research 
are all important They do not conflict but are correlated one with 
another Progress can neither be made nor be maintained if one is 
divorced from another 

It takes different temperaments and qualifications to become a 
scientific investigator or a clinician A truly scientific research worker 
IS one for whom tlie quest of perfection, the solution of problems and 
the establishing of cold facts and irrefutable pnnaples transcend all 
A clinician searching for infallibility applies these facts and pnnciples 
m the critical study and treatment of his patients and their disease 

A good clinician or practitioner must be patient, observant, tactful, 
versatile, chantable, understanding, honest, honorable and tenaaous of 
the nght A surgeon in addition must have the spint of a discoverer, 
the courage of the nghteous, the heart of a cliampion and the judgment 
of a sage He must be resourceful, considerate but still deasive, firm 
yet gentle and capable of executing all his manipulations with consummate 
skill jmd dexterity 

To acquire these necessary qualifications one must have contact with 
many patients of every variety One must learn by observation and by 
the teachings of his superiors in hospital service A rotating internship 
of not less tlian a year and a half in a good teaching hospital gives a 
mde experience with many patients in all phases of practice under 
supervision of a number of different instructors This should be followed 
by a residency of not less than two years in a service of one’s choice, 
in a teaching hospital preferably in an entirely different section of the 
country This contact with new types of persons, new teachers, new 

1 Hinsdale, G Our Medical Debt to France, Ann M Hist 4 154-166 
(March) 1942 
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ideas and new environment has a decidedly broadening influence The 
surgical resident should seek frequent advice and counsel of his fellow 
residents and staff members, espeaally m difficult cases, cases with 
confusing complications or in any arcumstance that interrupts a smooth 
progress A desirable habit of seeking advice thus formed and carried 
into pnvate practice cannot but benefit him and may help the patient 
From a broad foundation m general medicme and the many contacts 
with various speaalties and specialists during one’s hospital training, 
one may, if so minded, select a specialty for which one is best qualified 
and which seems most attractive and interesting The additional years 
of intensive training required for qualifying as a specialist has more 
tlian justified the prolongation of the trainmg penod 

The better basic training m general medicine, the more satisfying 
will be one’s experience and the more acceptable one’s service in any 
specialty Whichever specialty one chooses, one never should lose the 
mspinting touch of general medicine One should always keep the goal 
in mind, from which there should be no diversion 

The young surgeon should establish a reputation for dependability 
He should cultivate the acquaintance of hi= colleagues The better 
they know one another the better each will be, and the greater will be 
the respect for the medical profession He should be a consistent 
attendant at medical society meetings, where he may learn or impart 
something of value to others 

In addition to your major interest m practice, become alert and active 
in the changing conditions under which that practice will be earned on 
These changes, unless gmded by you, may seriously or radically restnet 
the freedom under which American medicine has advanced beyond 
that of any other country at any time in history No individual or 
group of individuals has more knowledge of the ills of humanity or knows 
better how to prevent or treat them than you Keep abreast of these 
trends lest you be deprived of your vested right to serve suffenng 
humanity and become subservient to a blighting political program 
which spells doom to the traditions of our proud past and our present 
well earned worldwide reputation 

Your society will secure and maintain a preeminent position if each 
one of you does his part and unstintingly supports his officers Your 
society’s mam purpose is to become a forum for the free interchange 
of expenences and ideas that all may profit , be encouraged and stimulated 
to advance the knowledge and science of surgerj’’ 

With honesty and honor in your relations one to the other, with 
good preparation for your duties and earnest application, you cannot 
fail to reach heights beyond your fondest expectations 

227 Sixteenth Street 



GASTRIC ULCER FOLLOWING RADIATION 


COLONEL FRANK E HAMILTON 
MEDICAL CORPS, UNITED STATES ARMY 

T TLTRAHIGH voltage roentgen radiation is frequently used in the 
^ management of certain malignant growths As additional tumor 
centers are constructed, the use of 1,000,000 volt, and even higher, 
radiation therapy will increase Excellent results arc being obtained 
after massive high voltage roentgen irradiation of radiosensitive malig- 
nant growths However, at Walter Reed General Hospital it has been 
noted that after application of 1,000,000 volt radiation to retroperitoneal 
nodes in the region of the normal stomach an unusual secondary lesion 
may occur Occasionally atypical gastric ulcer develops near the 
pylorus The chief symptom is hemorrhage Perforation has occurred 
This condition has been reported elsewhere as a terminal phase of 
the malignant process It is, however, usually amenable to surgical 
treatment 

Similar secondary clTects are not new Gastric ulcer was produced 
^ experimentally by Engclstad ^ after heavy irradiation of the normal 
stomach of rabbits Hueper, dc Carvajal-Forero “ and otlicrs produced 
relation ulcers in the normal dog stomach Curling, Lee, Leonard, 
WeislVotten and Bardeen ^ have all reported ulcers of the stomach and 
duodcnuhi following cutaneous thermal burns 
\ 

TRLSCNT STUDY 

At Walter Reed General Hospital 256 radiosensitive malignant 
tumors of the testis were treated with 1,(XX),000 volt roentgen radiation ■* 
The present procedure is the application of a test dose of radiation to 

From the Walter Reed General Hospital, Washington, D C 

Read at the Fifty-Fourth Annual Meeting of the Western Surgical Associ- 
ation, Memphis, Tenn , Dec 6 , 1946 

1 Engclstad, R E The Eflcct of Roentgen Rays on the Stomacli in Rab- 
bits, Am J Roentgenol 40 243-263 (Aug ) 1938 

2 Hueper, W C , and dc Carvajal-Forcro, J The EfTccts of Repeated 
Irradiations of the Gastric Region with Small Doses of Roentgen Rays upon the 
Stomach and Blood of Dogs, Am J Roentgenol 52 529-534 (Nov ) 1944 

3 Curling, Lee, W E., Leonard, Wciskotten, H G, and Bardeen, C R.. 
cited b> Bancroft, F W Cutaneous Burns, in Christopher, F A Teythooh of 
Surgery, cd 3, Philadelphia, W B Saunders Company, 1942, pp 60-68 

4 Amory, H I , Friedman, M , Greenfield, M M, and BricF, T B Personal 
communications to the author 
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determine the sensitivity of the tumor, followed by radical orchiectom}’^ 
Later the retropentoneal glands are given massive prophylactic irradia- 
tion The proportion of chmcal cures of the malignant growth is high 
— 80 per cent for seminoma and SO per cent for teratocaranoma 

It was noted that when the radiation dose to the region of the 
normal stomach exceeded 5,000 r atypical symptoms of epigastric dis- 
tress developed m about half the patients The condition of most of 
these patients improved under treatment, in 35 of them a large, single 
gastric ulcer developed, as proved fluoroscopically 

The symptoms exhibited by these patients were atypical The only 
constant symptom was epigastric distress, of varying degrees, first noted 
two to three months after completion of the roentgen irradiation Some 
of the patients exhibited the complex of pain relieved by food usuall}'^ 
associated with gastric ulcer In some there developed rather severe 
epigastric pain with no relation to food In some the first symptom 
was gastnc hemorrhage, occasionally severe The degree of gastnc 
aadity was likewise atypical In some patients the aadity was some- 
what increased, in the majonty it was normal, or even subnormal 
After medical treatment, most of the patients were clinically cured 
of the gastnc ulcer and were discharged Six required operation 
The first of the patients with radiation ulcer to be operated on had 
a proved gastnc ulcer with minimal epigastnc distress Suddenly 
uncontrollable gastnc hemorrhage developed Col Ralph Bowers, then 
chief of surgery, deaded to attempt a palliative operation He was 
unable to locate the exact position of the ulcer, so did a subtotal gastnc 
resection The patient made a complete recovery Colonel Bowers 
then operated m 3 similar cases, with postoperative death in 1 case, no 
improvement in another and chmcal cure m the third Since that time 
I have operated in 2 additional cases of radiation ulcer, with clinical cure 
in both 

The operative observations m these cases are somewhat bizarre The 
irradiated areas of skin over the retroperitoneal nodes are brown and 
leathery in consistency This factor, however, does not interfere with 
postoperative healing Intra-abdominally, there are greatly increased 
fibrosis of the irradiated tissues and, usually, increased vascularity The 
stomach and jejunum has a broivn, bumt-out appearance The dome 
of the diaphragm is usually high, and tlie stomach appears to be pulled 
into a higher position than normal The mesenter}-^ of the colon and 
jejunum appears to be shortened The omentum is usualK a small, 
bumed-out shred of tissue In addition, the affected portions of the 
stomacli and jejunum have a smoothed-out appearance and are leather} 
m consistency, no penstalsis is visible 

In all these cases in whicli operation vas performed the ulcer i\as 
located on the posterior iiall of the stomach near the pilorus Two of 
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the ulcers perforated pnor to operation, and in both instances the ulcer 
perforated onto the pancreas, where the posterior wall of the stomach 
was so fixed by fibrosis that the perforation was completely encapsulated 
There has been a recent exception to the previous cases A dis- 
charged officer was known to have a radiation gastnc ulcer, which was 
practically asymptomatic While he was at a seashore resort, a per- 
foration occurred without warning He was retained in a local hospital 
for forty-eight hours without operation and was then flown to Walter 
Reed Hospital On arrival he presented the picture of generalized 
peritonitis He was placed under supportive therapy, but the peritonitis 
did not localize and he died 

Autopsy showed two perforated ulcers of the upper portion of the 
ileum In all other respects the mtra-abdominal picture was similar 
to that observed in the previous cases This is the only case in which 
a demonstrable ulcer of tlie intestine developed 

The histones in the 2 cases in which I operated recently are typical 
of the group and are presented briefly 

REPORT OF TWO CASES 

Case 1 — Radical orchiectomy (left testis) was done overseas on Sept 7, 1945 
The pathologic diagnosis was seminoma The patient was transferred to Walter 
Reed General Hospital for radiation therapy During the penod from Oct 27 
to Dec 20, 1945 he received 5,200 r to each of five portals left suprapubic, 
umbilical, epigastric, lumbodorsal and lower dorsal The total dose of bgh 
voltage radiation given in the region of the stomach totaled 10,400 r, administered 
through the epigastric and lower dorsal portals 

Mild radiation sickness developed A roentgenographic senes of the gastro- 
intestinal tract, taken Jan 30, 1946, was reported as showing "no orgamc lesions 
of the esophagus, stomach or duodenum’’ 

On March 11, about three months after irradiation, he experienced moderate 
epigastric discomfort, which was relieved by food or milk. Fluoroscopic exami- 
nation on March 13 was reported as follows “The esophagus is normal, the 
mucous membrane of the stomach is greatly hypertrophied The antrum shows 
spasbc contraction The duodenal cap fills normally The picture suggests the 
effects of irradiation ” 

Epigastric distress increased Fluoroscopic examination on April 20 was 
reported as follows "The stomach shows narrowing and spasm toward the 
antrum The pyloric sphincter remains patent, but flow through the sphmcter 
IS slow, with decreased peristalsis Ulceration is suspected ’’ Gastnc analysis 
showed slight elevation of free hydrochloric acid 

On May IS the patient was reported to have been vomiting small amounts of 
blood several times a day Epigastric distress was less acute Fluoroscopic 
examination on May 24 was reported as follows "The rugae of the stomach 
are hypertrophied , the antral portion is narrow with distorted, smoothed-out 
rugae Penstaltic waves are decreased over the antrum The impression is that 
of radiation gastntis with ulceration.” 

There was further frequent bleeding, with vomiting of small amounts of 
blood, discomfort was less acute. On June 27 subtotal gastric resection was done. 
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with the Hoffmeister type of anastomosis (fig 1) Recovery was uneventful 
Repeated physical and fluoroscopic studies showed no evidence of metastasis 

Cask 2 — Radical orchiectomy (left testis) was done on Oct 9, 1945, no 
metastasis was seen The pathologic diagnosis was teratoma of the testis, 
mixed type 

Radiation therapy was administered from Nov 27 to Jan S, 1946, 4,800 r 
being given to each of the five usual portals A total dose of 9,600 r was delivered 
in the region of the stomach 

Moderate radiation sickness developed By the end of March, three months 
after irradiation, the patient complained of occasional epigastric pain The usual 



Fig 1 (case 1) — Intenor of the stomach, showing hvpertrophied rugae in the 
cardiac portion and absence of rugae in the irradiated portion, with petechial 
mucosal hemorrhages and increasing edema near the pylorus A portion of the 
ulcer appears at this point 

regimen for control of ulcer was instituted, with control of pain By mid-Apnl 
the patient occasionallj vomited small amounts of blood and occasionally had 
tarry stools At times there was considerable loss of blood through the mtes- 
tinal tract The hemorrhage ivas controlled by medical means, and for a time 
the patent was practically asymptomatic. On August 11 the ulcer perforated 
and at once encapsulated posterior to the stomach (fig 2) An eicctiie subtotal 
gastric resection vas accomplished on August 15, inth the PoUa tjpe of anas- 
tomosis, reco\eo' was complete 
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Gastric analysis during tins period showed no free hydrochloric aad on 
March 2, slight increase in free aad on March 16 and a subnormal amount of 
free aad on August 14 

Fluoroscopic findings were reported as follows 
January 24 No evidence of organic lesion 

February 16 Hypertrophied rugae, central bulge on the greater curvature, 
simulating an ulcer crater 



Fig 2 (case 2) — A, interior of the stomach presenting the same character- 
istic appearance as that of the stomach m figure 1 The perforated ulcer is 
visible near the center of the specimen B, stomach opened along the greater 
curvature The arrow points to the perforation near the edematous pylorus 

March 30 Inaeased changes , no peristalsis in the antrum , definite evidence 
of ulcer 

April 29 Persistent barium-filled niche in the antrum near the greater 
cunature 

Ma 3 8 Antrum fixed, small and canalized , ulcer, 3 by 3 cm , on the greater 
cun’ature in the proximal half of the antrum, pylorus widely opened and fixed 

SUMMARY 

Conclusions cannot be draMTi from this small series of cases How- 
e\er, certain obseiA-ations seem constant Unless these observations 
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are correlated, however, an increase in postradiation ulcer may be 
expected as additional tumor centers place in operation high voltage 
radiation therapy 

Two hundred and fifty-six patients received massive high voltage 
roentgen therapy for malignant growths of the testis at Walter Reed 
General Hospital The apparent incidence of chnical cure of the malig- 
nant process was high — 80 per cent for seminoma and 50 per cent for 
teratocarcmoma 

Certain unusual gastrointestinal complications occasionally anse 
during the course of treatment One-half the patients treated experi- 
enced atypical epigastric distress from two to three months after irradia- 
tion In 35 of these patients proved gastric ulcer developed in a 
previously normal stomacli However, if radiation therapy will appar- 
ently cure certain mahgnant growths of the testis, the subsequent 
development of gastrointestinal complications of moderate severity is 
relatively immatenal 

All the patients m whom radiation ulcer developed had a dose of 
radiation to the region of the stomach exceeding 5,000 r Some 
patients, however, had radiation doses to the region of the stomach 
far exceeding 5,000 r with no ill effects Thus, there appears to be 
an mdividual tumor sensitivity to radiation, as well as a personal 
sensitivity to the effects of radiation 

On the basis of tliese few cases, it is believed tliat the roentgenologist 
may predict the formation of an ulcer Fluoroscopic examination has 
shown retardation and, finally, apparent absence of peristalsis in the 
antrum of the stomach in certain patients who have received heavy 
radiation to the retroperitoneal nodes Later, m some of these patients 
a proved ulcer developed 

The symptoms were atypical of gastnc ulcer The effect of radia- 
tion on the gastrointestinal tract presents an unusual pathologic picture, 
but the lesion is b)"^ no means inoperable, as has been reported 

Further investigation is required to determine the exact causative 
factors in formation of the ulcer There appears, however, to be an 
intimate relationship between the total radiation delivered to the region 
of the normal stomach and tlie development of tins atypical gastnc ulcer 
There have been 8 reported deaths with autopsy — 6 in civilian hos- 
pitals and 2 in Walter Reed General Hospital Subtotal gastric resection 
for radiation ulcer has been reported in 8 cases — 2 m cmhan hospitals, 
wth postoperative death in both cases, and 6 m Walter Reed General 
Hospital, with postoperative death in 1 case, no improi ement in 1 case 
and, apparent chnical cure in 4 cases 

Walter Reed General Hospital, Washington 12, D C 
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QINCE Brodie’s ^ first report, in 1814, on denervation of the stomach, 
^ an extensive and confusing literature has appeared In many 
instances, in the literature reviewed on this subject the early and late 
effects of denervation have been confused and the results of section 
of tlie gastric nerves of man have been compared indiscnminately with 
those obtained on lower animals Different workers have employed 
operations of different extent, and many investigators, too, have 
employed gastric neurectomy in the experimental production of peptic 
ulcer ® That there is no agreement on even the structure of tliese 
nerves, let alone their function, is reflected in recent reports, m one 
of which the author ® concluded that the vagus nerve is composed 
of notliing but sympathetic fibers whereas in another ^ the authors 
denied the presence of any sympathetic fibers In the present study 
we are concerned chiefly with clarification of the distribution of the 
gastnc nerves immediately above and below the esophageal hiatus of 
the diaphragm 

Read at the Fifty-Fourth Annual Meeting of the Western Surgical Assoaation, 
Memphis, Tenn , Dec 6, 1946 

1 Brodie, B C , cited by Hartzell 

2 Beaver, M G , and Mann, F C The Production of Peptic Ulcer After 
Section of the Gastnc Nerve, Ann Surg 94 1116-1118 (Dec.) 1931 

3 Kiss, F The Relation Between Vagus and Sympathetic in the Vertebrates, 
J Anat 66 153-156 (Oct ) 1931 

4 McSwiney, B A , and Spurrell, W R The Gastnc Fibres of the Vagus 
Nene, J Physiol 77 447-458 (March 15) 1933 


400 



WALTERS ET AL~DISTRIBUTION OF VAGUS NERVES 40 


At the meeting of the Central Surgical Association m Februar 
1946, one of us (W W ) discussed with Dr Edwin Miller,® o 
Chicago, the problem of division of the vagus nen^es in treatment o 
ulcers of the stomach and duodenum Dr Miller said that in dissec 
tion of approximately 30 vagus nerves he had been astonished ti 
observe great variation of distribution of this nerve m the vianity o 
the diaphragm He expressed the belief that the patterns of distnbu 
tion should be studied to determine whether all of the gastric branche 
of the vagus (or gastric) nerves could be removed successfully b; 
transabdommal approach He suggested that we at the Mayo Clinn 
might collaborate m such a study The possibility of carrying out tin 
study was discussed with Dr J W Kemohan, of the Section oi 
Pathologic Anatomy, and the work w'as begun with a survey of th( 
literature, only a little of ivhich will be reviewed here, and the dissec 
tion of the vagus nerves at autopsy m more than 100 cases 

Anatoimc consideration of the nerves revealed a vaned pattern ir 
their course from the pulmonary plexus to the stomach and a remark- 
ably constant course and distnbution after the nerves reached th( 
stomach In dissection we concentrated on the region just above thf 
stomach m order to determine whether the thoracic or the abdomina 
approach to the lower part of the esophagus w^as better 

ANATOMIC VARIATIONS OF THE GASTRIC NERVES 

Our observations were made on 56 men, 44 women and 11 children 
In general, the gastric nerves aiose from the esophageal plexus al 
about the level of tlie bifurcation of the trachea The right and left 
nerves coursed caudad and usually terminated on the stomach Certair 
vanations, however, led us to separate our cases into four groups 

According to Cunningham,® the vagus nerv^es as they pass from 
the esophageal plexus dowmward on the front and back of the esophagus 
through the opening m the diaphragm are termed “anterior” and 
"posterior” gastric nerves, respectively In our investigations, the 
right nerve was not alw'ays posterior nor the left nen'e always anterior 
to the esophagus as it passed through tlie esophageal hiatus and we 
proposed the terms “right gastric nerve” and “left gastric nen^e ” Since 
any surgical procedure which would excise a section of a nerve is a 
neurectomy, the term “gastric neurectomy” is used for resection of the 
gastric nerves 

In 92 of our cases among adults the gastric nen es took ongin from 
the esophageal plexus In 85 of these cases this occurred on the antenor 

5 Miller, E Per‘;onal communication to the authors 

6 Cunningham, D T Text-Book of Anatomi, New York Oxford UnuersiU 
Press, 1943 
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\rall of the esophagus behind the bifurcation of the trachea and behind 
the mam bronchi In 7 cases it occurred on the lower part of the 
esophagus As the gastric nerves coursed caudad, many intercom- 
municating branches were obsen^ed between the nght and the left 



Fig 1 a and b — Formation of right gastnc nerves from branches of the pul- 
monarj plexus behind the trachea and the sympathetic branches posteriorly 
(group 1) 



Fig 2 c and b — Formation of gastric nerves, demonstrating the absence of 
intercommunicating branches between the esophageal hiatus and a level 6 cm 
aboic the diaphragm (group 2) 

trunks Additional fibers which joined tlie gastric nen'es w^ere small 
fibers that coursed antenorly and mferiorly over the vertebral column 
and the aorta Communicating branches were sometimes seen to enter 
the musculature of the esophagus and either lose their identity or 
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le-emerge onto the surface of the esophagus at some more caudad 
position By the time the nerve trunks and branches had reached the 
esophageal hiatus two relatively large trunks were formed These 
trunks passed through the esophageal hiatus, below which their course 
was remarkably constant 




Fig 3 a and b — Formation of gastric nerves from the esophageal ple\us 
(group 3) 



Fig 4 a and b — Right gastric nene ^\lth aberrant nerve coursing latcrallv into 
the thorax (group 4) 

The 92 cases constitute three of our four groups In the first 
group all the branches between the gastric nerves and from more 
remote regions joined m common trunks, one on the right and one on 
the left side of the esophagus, somewhere betvicen the esophageal 
hiatus and 6 cm abme the diaphragm (fig In and h) There were 
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64 such cases In the second group long, discrete trunks were present 
mthout any addition to their fibers or any communicating branches 
for a distance of 6 cm above the diaphragm (fig 2 a and b) There 
were 21 sucli cases In the third group the many intercommunicating 
branches between the mam trunks of tlie gastric nen^es formed a 
plexus over a major portion of the surface of the esophagus The 
brandies ultimately united and fomied two mam trunks at the esophageal 



Fig 5 a and b — Another example of distnbution of the gastric nerves in group 4 


Anterior 



Posterior 

Fig 6 — RelaUve position of the right and left gastnc nerves about tlie esophagus 
at the level of the esophageal hiatus 

hiatus (fig 3 c and b) There were 7 such cases The remaining 
8 cases made up the fourth group In this group tlie nerves did not 
have a consistent or uniform course or pattern In some cases well 
formed trunks were present, but somewhere near the diaphragm a 
udl defined brandi would leave the mam trunk and course laterally 
in the thorax and lose its identit)’’ before leaving the thorax (fig 4o 
and b) In other cases the numerous branches of the esophageal plexus 
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failed to form into common trunks on one or both sides of tlie esophagus 
(fig 5 a and b) In such cases the multiple small fibers followed their 
course along the esophagus , some passed tlirough the esophageal hiatus, 
and some ran laterally m the thorax In such cases as these, we were 
never certain of the distribution of every fiber of the right and left 
gastric nerves Hence, in cases of this type section of all the gastnc 
nerves might prove difficult for the surgeon 

As the trunks passed through the esophageal jiiatus, we noted the 
relative position of the nght and the left trunk about the esophagus 
(fig 6) The course of tlie nerves was striking^ constant below the 
esophageal hiatus The nght gastnc nerve, the larger in 54 cases, 
coursed posteriorly and to the left After running about 3 to 5 cm , 
this nerve divided into numerous branches One of these branches 
followed the lesser curvature of the stomach as far as the incisura, and 
another large branch followed the left gastric artery We did not 
carry our routme dissections beyond the division of the nght gastnc 
nerve into these branches 

The course of the left nerve in the abdomen was short As the 
nerve came to he on the anterior surface of the stomach it divided into 
numerous small branches, which lost their identity in the serosa and 
the musculature of the stomach Occasionally a small communicating 
branch between the nght and the left gastnc nerve could be identified 
at the esophageal hiatus 

CLINICAL STUDIES 

The clinical application of these anatomic studies to the treatment 
of peptic ulcer has been made in 66 cases ’’ at the Mayo Clinic (tables 
1 to 8) and has led one of us (W W ) to believe that the best 
approach to the gastnc nerves is by an incision in tlie upper part of 
the abdomen This approach permits exploration of the contents of 
the abdomen, examination of the ulcer and its removal if it is a gastnc 
ulcer and is suspected of being malignant Also, this approach permits 
some type of drainage of the stomach if an obstructive duodenal ulcer 
is present or if a duodenal ulcer is present that is likely to become 
obstructive with the occurrence of gastric atony after gastnc neurectomy 
Patients ivith ulcers of the types just mentioned usually hai e failed 
to respond to many attempts at nonsurgical (medical) treatment The 
abdominal approach is also useful in cases in which a gastrojejunal 
ulcer has followed gastroenterostomy, for not infrequently repeated 
ulceration at the stoma lias resulted in obstruction and reactivation 
of the duodenal ulcer In such cases, remoial of the gastrojejunal 

7 Dr Walters’ assistants, Drs Fitzgibbon' \\ atts, ZilcVickcr, Brownson, 
Lowe and L>man, assisted m renewing and abstracting the case records and in 
tabulating the results 
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ulcer and disconnection of tlie gastroenteroanastomosis are advisable 
in addition to gastric neurectomy If obstruction of the duodenum 
has resulted from reactivation of the duodenal ulcer or from its healing 
after the gastroenterostomy, pyloroplasty also is indicated In a case 
m wluch an ulcer recurred after gastric resection performed elsewhere, 
perforation of the anastomotic ulcer into the colon was impending at 
the time of operation In this case we felt that a more extensive 


Table 1 — Chmcal Data on Authors’ Ten Cases tn Which Gastnc Neurectomy 
(Vagotomy) Only Was Performed 


Total and Free Acids 
(Degrees), Gastric 


Case 

I/€slon 

Contents, Oc 

, . , 

Before Alter 
Opera Opera 
tion tion 

Minimal 
Blood 
Sugar, 
Mg per 
100 Cc 

Curve 
for Insulin 
Test 

Roentgenologic 

Findings 

Comment and 
Results 

1 

Gastro- 

jejunal 

ulcer 

28/12 
46 cc. 

40/0 

40 cc 

20 

Plat 


Good relief 

2 

Gastro 

jejunal 

ulcer 

82/16 
60 cc. 

12/0 

76 cc. 
(night) 

38 

Flat 

Moderate delay In 
emptying 

Excellent relief 

S 

Gastric 

ulcer 


26/0 

60 CC 
(ight) 

63 

Flat 

Atonic stomach, 
considerable secre 
tion 

Good relief 
early, but per 
slstcnce of re- 
tained secre- 
tions 

i 

Gastric 

ulcer 


20/0 
BOO cc, 
(night) 

22 

Downward 

Normal motility 

Good relief 

6 

Bleeding 

duodenal 

ulcer 


10/0 




Retention of 

900 to 2,300 cc, 

4 to 9 days af 
ter operation 

6 

Duodenal 

ulcer 

64/54 
75 cc 

6/0 

141 cc. 
(night) 

23 

Downward 


Dramatic relief 

7 

Duodenal 

ulcer 

46/24 
160 cc 

40/28 
100 cc. 

7 

(Incorrect) 

Upward 


Good relief 

8 

Duodenal 

ulcer 

56/46 
116 cc. 

14/0 

10 cc 

76 

Upward 

Normal 

Good relief 

9 

Duodenal 

ulcer 

60/40 

20/0 

60 CC 



Duodenal ulcer 
with no crater 
normal motility 

Good relief 

10 

Duodenal 

ulcer 

61/o2 

ISOcc 

34/20' 
450 cc 
(night) 

28 

Downward 

Considerable secre- 
tion In stomach 

Good relief 


gastnc resection was indicated, with removal of the anastomotic ulcer, 
even though gastric neurectomy was done also 

It IS easy to understand, therefore, why gastric neurectomy was 
done without any additional sugical procedure on the stomach in only 
10 of the 33 cases m which one of us (W W ) performed gastnc 
neurectomy and m 13 of 33 cases m which operation was performed 
by other surgeons Since gastroenterostomy and partial gastrectomy 
^vltllout gastric neurectomy in the treatment of patients with peptic 
ulceration have been followed by relief of pain, decrease of night secre- 



Table 2 — Clinical Data in Cases in Which Gastric Neurectomy and Gastroenterostomy Were Performed Simultaneously 
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tion, reduction of gastric acidity and relief of gastrospasm, the difficulties 
of determining the effect of an associated gastric neurectomy are evi- 
dent, both from the subjective and the objective standpoint Conse- 

Table 3 — Chmcal Data, m Cases of Gasinc Neurectomy with Stimiltaneous 

Operafton on Stomach 


Total and Free 
Adds (DagrecB), 

Gasthc 

Contents, Co. Minimal 

, *- , Blood 

Before Alter Sugar, Curve 

Opera Opera Mg per of Insulin Roentgenologic Comment and 
Case Lesion tIon tIon 100 Cc. Test Findings Results 

Gastroenteroanastomosis Disconnected, Ulcer Excised 

24 Gastroje 20/6 80 Flat Slight deformity of Excellent relief 

junal ulcer 126 cc duodenal cap, JeJunltls 

(night) , In proximal part of 

Jejunum 

25 Gastroje- 68/42 10/0 43 Down Excellent relief 

junal ulcer 200 cc 80 cc ward 

(night) 

Gastroenteroanastomosis Disconnected, Dicer Excised, 

Helneke-MItullcz Pyloroplasty 

26 Malfunction 72/60 84/60 80 Down Gastric pyloric spasm Good relief 

Ing stoma 66 cc. 160 cc. ward 

with oh (night) 

Btmctlon 


Gastroenteroanastomosis Disconnected, Ulcer Excised, 
Finney Pyloroplasty 


27 

Gastroje 
junal ulcer 

64/40 
200 cc 

60/36 
800 cc 
(night) 

20 Down 

ward 

Duodenum deformed 
hy previous ulcer, 
stomach slightly 
atonic 

Early reten 
tion, gradual 
decrease In 4 to 
6 days, good 
relief 


Gastroenteroanastomosis Disconnected, Anterior Pblya Resection 

28 

Gastro je- 
junal ulcer 

24/10 
104 cc 

0/0 

60 CC 


Free anastomosis, 
bowel normal 

Good relief 



Duodenal Ulcer Excised, Gastroduodenostomy 


29 

BnodeDal 

ulcer 

66/48 
200 cc. 

22/0 
826 CC. 
(night) 

86 Flat 


(3ood relief 




Biopsy of Ulcer and Cautery 


SO 

Gastric ulcer 

12/0 

22/0 
60 CC. 
(night) 



Good relief 


Transthoracic Exploratory Gastrotomy, 
Gastric Closure 

Biopsy of Gastric Ulcer, 

31 

Gastric ulcer 
and duo- 
denal ulcer 

64/62 

22/0 
800 cc 
(night) 
11/11/46 
40/26 
260 cc 

46 Down 

ward 

Recurrence of ulcers, 
but essentially nor 
mal emptying of 
stomach 

Moderate early 
retention poor 
result 





Gastric Dicer Explored 


82 

Gastrlcnlcer, 
healed duo 
denal ulcer 

60/84 
180 cc. 

28/0 
200 CC 

45 Upward 

then 
down 
ward 

Normal 

Good relief 




Exploratory Gastrotomy Only 


S3 

Gastritis 

64/42 
880 cc 

8/0 

40 cc. 

76 Upward 

Normal 

Good relief 


quently, patients on whom no simultaneous operation is performed on 
the stomach are best to study in order to evaluate the results of gastnc 
neurectomy 


Table 4 Data in Significant Cases of Gastric Neurectomy (Vagotomy) Perfornitd 
by Other Surgeons 


Pree and Total 
Acids (Degrees), 
Gastric 




Contents, Cc 

Minimal 





t 

^ , 

Blood 






Beiore 

Alter 

Sugar, 

Curve 




Transthoracic Opera 

Opera 

Mg per 

ol Insulin 

Roentgenologic 

Comment and 

uase Approacn for 

tion 

tIon 

100 Oc. 

Test 

Findings 

Results 

34 

Gastroje- 

64/46 

20/0 




Excellent relict 


Junal ulcer 

1B6CC. 

210 cc 





86 

Gastroje 

62/62 

14/0 

87 

Flat 

No ulcer tem 

Good relief 


jimal ulcer 

100 cc. 

90 CC 



porary delay In 








Jejunum 


86 

Gastroje- 

36/26 

18/0 



Free anastomosis. 

Good relief 


Junal ulcer 

105 cc 

80 cc 



no gastrojejunal 








ulcer 


37 

Gastroje 

1044 

12/0 




No pain, slight 


Junal ulcer 

112/100 

60 cc 




tendency to dtar 



160 cc 





rhea 



1945 








40/20 








100 CC. 






3S 

Duodenal 

60/46 

60/28 

38 

Down 


Good relief 


ulcer 

130 CC. 

200 CC 


ward 



89 

Duodenal 

78/68 

6/31/46 




Early retention. 


ulcer 

100 CC. 

26/12 




good relief consld 




820 CC. 




erable eructation 




6/1/46 








82/60 








160 CO 





40 

Duodenal ul 

74/56 

40/20 




Early retention 


cer (abdom 

160 CC. 

40 CC 




Intermittent vom 


Inal approach) 





Itlog and diarrhea 


Table 5 — All Cases of Gastric Neurectomy Performed at Mayo Clinic 

Up to Nov 1, 1946 


Type ot Operation 

Gastric neurectomy only 

Gastric neurectomy ivltli gastroenterostomy 

Gastric neurectomy with excision ot ulcer 

Total number ol coses 


Total Gastro 

Ao ot Duodenal Jejunal Gastric 


Cases 

Dicer 

Ulcer 

Ulcer 

Gastritis 

28 

11 

10 

2 

0 

29 

29 

0 

0 

0 

14 

4* 

71 

3* 

1 

66 

44' 

171 

5* 

1 


• Both duodenal and gastric ulcer In 1 case 
t Gastrojejunocollc fistulas In 2 cases 


Table 6— Authors’ Cases of Gastric Neurectomy Performed Up to No, 1, 1946 



Total 


Gastro 




No ot 

Duodenal jejunal 

Gastric 


Type ol Operation 

Cases 

Ulcer 

Ulcer 

Ulcer 

Gastritis 

Gastric neurectomy only 

10 

C 

O 

n 

0 

Gastric neurectomy "with gastroenterostomy 

IS 

IS 

0 

0 

0 

Gastric neurectomy with excision of ulcer 

10 


6 

t* 

I 

Total number of cases 

S3 

21* 


6‘ 

1 


* Both duodcnnl and gastric ulcer In 1 
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' RESULTS OF GASTRIC NEURECTOMY 

The results in the 10 cases in which one of us (W W ) performed 
gastnc neurectomy without other surgical procedures on the stomach 
were satisfactory in so far as they were measured by relief of pam, 
reduction of gastric acidity and gastric secretion (table 1) One patient 

Table 7 — Complications Following Gastnc Neurectomy m Thirty-Three Cases 

(Other Surgeons) 


Retention 
». 



Total 


Roent 

Type of 

ho of 

Early 

geno- t 

Operation 

Cases 

Clinical 

logic Cases 

Gastrle neurectomy 

13 

2 

1 1 


only 

1 

1 

1 


Gastric neurectomy 
with gastroenter 
ostomy 

Gastric neurectomy 
with excision ot 
jejunocollc fistulas 
Eatcislon ot duodenal 
ulcer 


16 8 0 
2 0 0 
2 0 0 


1 

1 

1 

1 

1 


Results 

Type 

Early pleural effusion, epigastric 
distress 

Recurrent abdominal pain 
Tendenty to slight diarrhea 
Early retention, followed by Inter 
mlttent emesis and diarrhea 
Considerable belching 
Death on fourth postoperative day 
probably pulmonary embolus 
Death on fourteenth postoperative 
day from perforated duodenal 
ulcer and subdlaphragmatlc abscess 
Death of unknown cause three 
months after operation 

Recurrent pain at night 


Table 8 — Relation of Free Gastnc Acidity to Type of Gastnc Operation 

(Authors’ Cases) 


Acidity Before Acidity Alter 
Operation Operation 



Total 

Determlna 

tions 

Mean 

A 

Determlna 

tions 

Mean 


No of 

Made 

Value 

Made, 

Value, 

Type of Operation 

Oases 

Oases 

Units 

Cases 

Units 

Gastric neurectomy only 

10 

7 

300 

10 

28 

Gastric neurectomy and gastroenterostomy 

IS 

12 

63^ 

11 

122 

Gastric neurectomy and excision 
Gastrojejunal ulcer 

6 

4 

880 

6 

18^ 

Gastric ulcer 

8 

3 

200 

3 

0 

Duodenal ulcer 

1 

1 

48 0 

1 

0 

Gastritis 

1 

1 

42 0 

1 

0 

All cases 

10 

9 

336 

10 

94 



— 

■ ■ . 

_ 

— 

Grand total 

88 

2S 

411 

31 

8^ 


(case 3, table 1) who waa operated on for a gastric ulcer complained 
of a sensation of fulness after eating small amounts of food At tlie 
time of this report, several weeks after operation, he continues to 
have a dilated stomach with pylorospasm, retention of considerable 
gastnc secretion and hypomotility of the mtestme There was so much 
fluid m the stomach that the roentgenologist could not see whether 
the ulcer had healed In 8 of these 10 patients relative achlorhydna 
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followed the operation. Relative achlorhydria also developed after 
operation in 6 of 11 cases of duodenal ulcer m which simultaneous 
gastroenterostomy and gastric neurectomy were performed and tests 
of acidity were made (table 2) This incidence of achlorh 3 ^dria con- 
trasts favorably with an incidence of 12 per cent in a senes of cases 
of gastroenterostomy which I reported several years ago ^ In 4 ot 
the 5 remammg cases gastnc acidity was reduced The insulin test, 
however, was not carried out to confirm the completeness of neurec- 
tomy in the fifth case, and the patient was only partially relie\ ed of his 
symptoms In 1 of our 33 cases (tables 1, 2 and 3) a large gastnc 
ulcer recurred, and m 1 of 33 cases m which the operation ivas per- 
formed in other sennces at the clinic a duodenal ulcer perforated, with 
development of a subdiaphragmatic abscess, and death occurred on 
the fourteenth day after gastric neurectomy and gastroenterostoin) 
Retention of gastnc secretion and severe h 3 'poproteinemia were also 
present In this case, also, the insulin test to confirm the completeness 
of the neurectomy was not made, and postmortem examination of the 
gastric nerves to ascertain the completeness of the neurectomy, unfor- 
tunately, was omitted 

Postoperative disturbances of gastrointestinal motility were trouble- 
some in 6 of our 23 cases (tables 2 and 3) in which additional opera- 
tions on the stomach were performed simultaneously Characteristic 
of 3 of these 6 cases was intermittent paro\ 3 'smal distention of the 
abdomen, which was relieved by injections of neostigmine methylsulfate 
In 1 of the 3 cases (case 19, table 2) distention appeared on the fifth 
day after operation and increased during the next two da 3 s Roent- 
genologic examination of the abdomen revealed what seemed to be 
obstruction of the small intestine, and explorator 3 '^ operation rc^ealed 
ileus , the small intestine was filled with fluid and air or gas, and there 
was approximately 800 cc of sterile, straw-colored fluid within the 
peritoneal cavity Continuous gastnc suction wuth an indwelling nasal 
suction tube relieved the distention in this case, and normal intestinal 
motility returned Twm of the 6 patients had clinical symptoms of 
gastric retention and required intermittent drainage wnth a gastric tube 
from tlie fourth to the eleventh day after operation An additional 
patient (case 22, table 2) had gastric retention for twent 3 -six dais, 
which required jejunojejunostom 3 for relief Reduction in gastnc 
acidit 3 ' and night secretion in botli groups of cases are shown in 
tables 1 to 4 In many cases in each group postoperatn e studies of gas- 
tric motility and roentgenoscopic and roentgenograpliic examinations 
were made after the patient left the hospital on approximate!} the 

8 Walters, W Ga-^tnc Acldlt^ Following Operations for Gastnc and Duo- 
denal Ulcer Its Effect on the Question of Partial Gaitrectonw , Ann Surg 
104 585-593 (Oct) 1936 
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fourteenth to tlie twentieth postoperative day In 10 of the 33 cases 
in which one of us (W ^V ) performed gastric neurectomy temporarj' 
disturbances of gastric motiht}’^ with retention of gastnc secretion 
occurred In 1 case, as mentioned previously, tliese s}niptonis per- 
sisted for several weeks (case 3, table 1) In 2 of our colleagues’ 
13 cases m which gastric neurectomy alone was performed intermittent 
diarrhea has occurred since the operation 

Insnhn Test — On evaluating results of gastnc neurectomy, it is, 
of course, important to determine that all the gastric (vagus) nen^es 
have been divided Unfortunately, the insulin test, described by Hol- 
lander ® to determine whetlier complete division of the gastnc nen^es 
has been accomplished, involves some risk and must be made only 
under the constant supemsion of a physician who has dextrose avail- 
able for immediate administration if symptoms of hypoglycemic con- 
vulsions manifest themselves The test itself consists of injection of 
10 to 30 units of insulin, in order to reduce the patient’s blood sugar 
to 40 mg or less per hundred cubic centimeters If branches of the gastric 
nerves are intact, an increase in the gastnc secretion occurs in from 
forty to fifty minutes after injection of tlie insulin 

COMMENT 

Seventeen years ago, in the Division of Expenmental Surgerj’- and 
Pathology of the Mayo Foundation, studies were made by HartzelU®and 
Vanzant on the effects of intrathoracic and abdominal section of tlie 
vagus nerves m dogs Hartzell first studied 8 animals, 6 after intra- 
thoraac vagotomy and 2 after abdominal vagotomy Immediate obsen a- 
tions showed total abolition of psychic secretion (cephalic phase) with 
pronounced and constant reduction of free hydrochloric acid and total 
aadity and an increase in the hydrogen mn concentration Vanzant 
studied 4 of the same dogs two and a half j'ears later and found that 
the dogs of the original group had an increase m the amount of total 
and free acid after five to six months Eventually, the cun^es of free 
and total acid approached normal In 1 dog the acidity was slightly 
increased above normal levels, and m 3 dogs there was moderate, but 
not complete, restoration to tlie normal level of acidity This return 
of gastric acidity also occurred clinically m 1 of the patients operated 
on at the clinic At first, a relative achlorhydria was present after opera- 

9 Hollander, F , m discussion on papers by Drs Berk and Frediani, Ivj and 
Dragstedt, and others, Gastroenterologj 3 466-467 (Dec ) 1944 

10 Hartzell, J B The Effect of Section of the Vagus Nene on Gastric 
Acidity, Am J Physiol 91 161-171 (Dec ) 1929 

11 Vanzant, F R Late Effects of Section of the Vagus Nenes on Gastnc 
Aciditj, Am J Physiol 99 375-378 (Jan ) 1932 
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tion With a return of gastric acidity to the preoperative level symp- 
toms of ulcer recurred Unfortunately, the insulin test was not made , 
so we do not know whether all the gastric nerves were resected 

Effects on motility were observed to be inconstant m a study on 
10 dogs made by Vanzant^^ Early studies showed that 4 dogs had 
delayed emptying of the stomach, 2 dogs had gastrointestinal hyper- 
motihty with a tendency to diarrhea and emesis and 3 dogs had no 
change in the emptying time of the stomach Later, after operation, 
essentially normal gastrointestinal motility uas observed m 7 dogs 
One dog had rapid emptying of tlie stomach, 1, a slight delay, and 1, 
pronounced delay No bad effects on the general health followed 
the operation on 6 dogs except for excessive salnation, which gradiiall} 
decreased Two dogs vomited frequently after the operation Three 
dogs had increased appetite, in spite of which loss of weight was noted 

Dragstedt treated his first patient with gastric neurectomy three 
and a half years ago, and Moore, Chapman and associates “ treated 
theirs more than two years ago Most of the more recent patients 
treated by these surgeons have so far been benefited The same is 
true in tlie senes of cases reported by Grimson and his associates 
Yet, because of expenmental evidence that changes m gastric aciditv 
and motility after vagotomy may be only temporary, and because long 
expenence with peptic ulcer makes us resen'e our judgment concerning 
any operation until a large series of patients have been watched for 
many years, gastric neurectomy is being performed at the Mayo Clinic 
in selected cases of peptic ulcer only We think that the final report 
on this operation is not due for ^veral j'ears and that all reports now 
and for some years to come, should be considered interim reports 

In tlie meantime the procedure can be used m certain types of cases 
1 In cases of recurring ulcer after adequate gastric resection it seems 
justifiable to offer the patient the comparatively simple operation of 
gastric neurectomy on the chance that the ulcer wall heal and he will 
obtain relief of symptoms 2 Possibly in certain cases of gastric ulcer 
in which excision of the ulcerating lesion and microscopic examination 

12 Vanzant, F R The Late Restoration of Gastnc AcidiU After Thoracic 
Vagotomy in tlie Dog, unpublished data, footnote II 

13 Dragstedt, L R Vagotonw for Gastroduodenal Ulcer \nn Surg 122 
973-989 (Dec) 1945 

14 Moore, F D Chapman W P Schulz, M D and Tones C \f Trins 
Diaphragmatic Resection of the Vagus Nerves for Peptic Ulcer New Cnghnd 
J Med 234 241-251 (Feb 21) 1946 

15 Gnmson K. S Taelor, H M , Trent T C Wilson D \ and Hill 
H C The Effect of Transthoracic Vagotoma upon the Functions of the Stonncli 
and upon the Each Clinical Course of Patients watli Peptic Ulcer South ^f T 
39 460-471 (Tune) 1946 
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are necessary to exclude the possibility that the ulcer is malignant, 
gastric neurectomy is advisable if the ulcer is benign Yet m 1 of 
our cases troublesome symptoms referable to gastrointestinal motility, 
with gastric retention and pylonc obstruction, followed this procedure 
(case 3, table 1) 3 In certain cases of duodenal ulcer with hyper- 

chlorhydria, gastnc neurectomy with simultaneous gastroenterostomy 
to relieve the duodenal obstruction may be advisable It will be 
interesting to see whether the incidence of recurring ulcer will be less 
than it IS in cases m which gastroenterostomy only is performed 4 In 
cases of chronic, nonobstructive duodenal ulcer, m which the cephalic 
phase of the hyperacidity seems to overshadow other factors and 
repeated courses of medical treatment have not given any relief, we 
believe that gastric neurectomy may be justified Many of the patients 
with ulcer of this type are young and have high values for gastnc 
acidity and active duodenal ulcers, and their behavior pattern suggests 
a prolonged and excessive nervous phase of gastnc secretion 

SUMMARY AND CONCLUSIONS 

There is considerable vanation in the position, number, size and 
distribution of gastnc nerves above the diaphragm In 92 per cent 
of the adults studied, however, the gastric nerves, after piercing the 
diaphragm, appear as discrete trunks and are readily accessible for 
surgical removal by tlie transabdommal approach 

A study of 66 cases m which gastric neurectomy was done at the 
Mayo Qinic indicates that gastric acidity was reduced m most cases 
Relief of symptoms of pain was not stnkingly different from that 
obtained with rest in bed and established surgical procedures Inter- 
pretation of the results of gastric neurectomy should be restricted to 
that group of cases m which the procedure is carried out without any 
simultaneous operation on the stomach There were 23 sucli cases m 
our series 

A large gastric ulcer recurred m a case in which relative achlorhydna 
occurred immediately after operation A few weeks after operation free 
hydrochloric acid was found to be present m the stomach Symptoms 
of ulcer returned, and roentgenologic examination revealed recurrence 
of a large gastnc ulcer which had been partially excised for micro- 
scopic examination at the time of transthoracic resection of the vagus 
nerve Perforation of a duodenal ulcer with subdiaphragmatic abscess 
and death occurred fourteen days after operation in 1 of our col- 
leagues’ cases in which gastnc neurectomy and gastroenterostomy were 
performed In 2 other cases death occurred, m 1 on the fourth day 
after operation, from a suspected cerebral embohsm, and m the other 
three months after operation at home, from coronary occlusion In the 
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latter case a gastrojejunocolic fistula closed and gastric neurectomy ■was 
performed In another case there was a return of gastric acidity with 
recurrence of symptoms of ulcer Unfortunately, 'the insulin test was 
not made to determine the completeness of neurectomy 

In several cases disturbances of gastrointestinal motility occurred 
during the patient’s stay in the hospital, in 1 case it has persisted for 
several weeks In 1 case a secondary jejunoj 03 unostomy was required 
In 1 case exploration was made for a suspected intestinal obstruction 
and ileus was observed, and m 2 cases intermittent diarrhea had per- 
sisted since operation 

Some method of testing to ascertain that all branches of the vagus 
nerves are divided is essential The present method is the insulin 
test of Hollander, which must be carried out Avith great caution 

In view of the return of gastric acidity and gastrointestinal motility 
to normal or near normal in most experimental animals after an inter\’al 
of two years, the possibility of the same result among human beings 
must be recognized Hence, all reports on clinical results should be 
considered as interim reports until sufficient time elapses to determine 
whetlier a return of gastnc acidity, motility and secretion to about 
preoperative levels occurs, with possibility of the formation of new ulcers 
To date, in the small senes of 33 cases m which one of us (W W ) 
employed gastnc neurectomy, we have been impressed with tlie reduc- 
tion of gastnc acidity and the relief of pain which have followed complete 
gastnc neurectomy, and we believe that the operation has merit, tliough 
the results may be temporary The frequency of troublesome dis- 
turbances in gastrointestinal motility, the recurrence of ulceration in 1 , 
and possibly in 2 , cases , perforation of a duodenal ulcer after gastric 
neurectomy and gastroenterostomy in 1 of our colleagues’ cases , the 
uncertainty of ultimate good results , the possibility of undesirable results 
not now evident, the necessity of performing additional procedures, 
such as gastroenterostomy, to relieve duodenal obstruction , the neces- 
sity of excision of ulcerating gastric lesions to exclude the presence 
of a malignant growth, and the death of 3 of the 66 patients indicate 
that we must continue to study the problem of the treatment of peptic 
ulcer, and not attempt to draw conclusions tegarding the ultimate 
value of gastric neurectomy until more cases have been studied and 
a longer time has elapsed after operation 

Gastnc neurectomy offers a method which giNCS great promise in 
the treatment of patients with recurnng ulcer, cspeciallj after gastnc 
resection and gastroenterostomy, and in the results to date in cases 
of this type gastnc neurectomy has justified itself as a useful and 
important procedure If it w ill prevent recurring ulceration after gastro- 
enterostomy, it has further justified its raluc 
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DISCUSSION ON PAPERS BY COLONEL HAMILTON AND 
DRS WALTERS, THOMPSON AND OTHERS 

Dr. Erwin Schmidt, Madison, Wis Tins paper is of importance because of 
advances m radiation and atomic energy and the application of these forces to 
clinical use. Demonstrations such as this call attention in a dramatic way to 
the dangers associated witli the application of these new potentia 

Bojd’s description of the effect of radiation energy has appealed to me, with 
Its suggestion of certam clinical limitations On the patliologic cells there are 
caustic and lethal effects On the host, which furnishes the bed for the pathologic 
tissue, there is also an effect The radiation energy acts on tlie pathologic cells, 
and also on the normal cells through which the radiation must pass This leads 
to destrucbon of tissue, both pathologic and normal Healing must take place 
through inflammation and fibrosis If enough energy is present to kill malignant 
cells, normal cells are killed also 

Irradiation of the gastrointestinal tract has not been used except m cases 
in which the pathologic process is fixed Such a lesion often responds because 
some of the fixation is due to inflammation, which responds favorably to radi- 
ation This is particularly so in the sigmoid and the rectum Lesions in the 
gastrointestinal tract, except for caranoma of the rectum, are usually not amenable 
to radiation In the rest of the tract, adequate radiation to the anaplastic cells 
would damage the bowel, as amply demonstrated bv Colonel Hamilton Some 
malignant cells, such as those of lymphosarcoma, are more sensitive, and so a 
smaller dose causes the tumor to disappear and does not injure the bowel and 
the surrounding structures 

Mj colleagues and I have had no experience, such as the author describes, 
with acute hemorrhage and perforation of radiation ulcer We have seen similar 
changes m the small bowel, such as those which occur in cases of caranoma of 
the rectum in which heavy radiation has caught a loop of the intestine or m cases 
of inoperable tumor in which attempt has been made to control the anaplastic 
lesion with irradiation 

The pathologic picture m the stomach as described by the author is similar 
to that familiar in reactions to roentgen radiation — the acute stage, m which 
gastroenteritis develops dunng the treatment, and the later stages, eventually 
leading to necrosis The experience of the plastic surgeon that excision of normal 
tissue IS necessary to obtain healing demonstrates that the area affected is usually 
as wide as the area treated I do not feel tliat one must postulate a toxin or 
assume that the ulcer is similar to the ulcer of the duodenum described by Curling 
Local damage to tissue is sufficient, and the superficial necrosis following roent- 
gen irradiation suggests local damage 

Dr. Edw'in M Miller, Chicago I am sorry that Dr Dragstedt cannot be here 
to discuss Dr Walters' papers, for one has to look to the evidence presented by 
Dr Dragstedt, both experimentally and clinically, for the most reliable data on 
this subject to date It is well for the members of this society to take the proper 
attitude toward the problem of this operation and to realize that it is still m the 
formative stage (experimental stage, one might say) and that it is not fair to make 
too definite statements regarding the end results The pendulum will eventually 
swung back and only time will evaluate the procedure devised by Dr Dragstedt 
and determine its permanent merit 

I had the opportumty to read Dr Walters’ paper this morning and to go over 
his slides and draw mgs , it seems to me that his studies at the Maj o Qinic and the 
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statements in his paper are sound, reasonable and backed up by careful study 
It IS well for all of us who are interested in this problem to evaluate the eMdcnce, 
without exaggeration, so that in due time we may accumulate data of pemnncnt 
value 

My colleagues and I became interested in this problem a >ear or so ago, and 
we felt that before we could undertake operation on patients we must first imcsti' 
gate the problem from tlie anatomic standpoint One would not think of perform- 
ing extensive operations on the biliary tract, for instance, without having done 
considerable investigation of the anomalous structures which one might encounter 
m this region of the common duct, the cystic duct, the cystic artcrj and the right 
hepatic artery The same might be said of anatomic studies on the neck, to 
determine the possible anomalous relations of the inferior thyroid arterj, the para- 
thyroid glands and the recurrent laryngeal nerve 

Therefore, we turned to the laboratory for this information and undertook a 
senes of dissections It soon became apparent that cada^ers were not suitable, 
because in isolating delicate nerves, like the branches of the vagus, it was impor- 
tant to make the dissection on fresh bodies Therefore, with the permission of 
the department of pathology of tlie Umiersity of Chicago, Dr Carl Davis Jr and 
I went to the autopsy room and made a senes of studies of the vagus nerves from 
the pulmonary plexus down to the termination of the branches m the walls of the 
stomach We concluded that there is considerable variation in tlie distribution of 
the vagus nerves, in fact, tlierc is hardly any uniformity of distribution A fair 
example of what one maj encounter at operation may be seen on the first slide 
taken from Spalteholz’ "Anatomy ” 

In section of the vagus nerves, it is important to divide not onlv the nnm 
trunks but also tlie several branches which may be accessory , tlicreforc, the logical 
surgical approach is probably through the chest, where one has a fine exposure, 
a good view of the whole situation and a bloodless field in which to isolate the 
accessory branches However, I may be wrong about that, for Dr Mailers has 
used the abdominal approach almost cxclusivclj and Dr Dragstedt of late, I think 
also confines his approach to the subdiaphragmatic route In spite of this, I still 
feel as I did originally, that the easier and the more acairatc approach is through 
the chest 

The next slide shows the results in our first 11 dissections, I wi*;!! to point 
out that in only 2 instances was the situation comparable to what might be con- 
sidered a normal distribution of the nerves Some of the branches hugged (he 
esophageal wall closel>, while others were widel> separated, and in 1 or 2 cases 
the small branches were so close to the mediastmal pleura on the right suk that 
in picking them up one might easilv tear the pleura at that point 

If one approaches from below the diaphragm and brings down the c-opliagus 
on the hooked finger, one maj at first go m between the esophageal wall and the 
vagus trunks and, after a vam search, mav have to Iinik deeper lor tespeaiallv) the 
right or posterior, trunk Then, too, if one approaches from below, there mai be 
a greater tendency to venous oozmg m the field, for in some paticnlb theri, is a 
considerable venous plexus in this area But the approach from he!o\ the dia 
phragm obviouslj has its advantages One can spe the lesion in tho diKslenuni <r 
the stomach and can perform, if necessarv, a gastrocnterostnmv or re e-ction at 
the same time. 

I should not attempt at this time to sav an\ thing iWn the ml re-ii'is ct 
operation for our senes of casts are relatucK small both at the Prtd iter aa 
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Hospital and at the Veterans Hospital at Hines, 111 , and the time elapsed since 
our earliest operation has been only about one year Certain things, however, 
stand out clearly in the postoperative picture One is the feeling of “well-being” 
and freedom from distress that is observed soon after operation In some cases 
there is a tendency toward cardiospasm and in others to pylorospasm, which may 
be troublesome for a time. In some cases there is a mild paralytic ileus , m others, 
a tendency toward diarrhea for several days All these complications, however, 
are temporary and tend to pass away m a relatively short time But the true 
answer to many of the questions will be found through a much longer study of 
the problem 

Dr Harry B Zimmermann, St Paul In watchmg Dr Sanders operate on 
patients with gastnc ulcer by resection of the vagus nerves, and m listening to 
the discussions, two tilings have struck me rather forcibly One is that the surgeon 
does not operate for ulcer of the stomach unless the patient has had adequate 
medical management first The second is that patients who have a vagotomy 
immediately experience a sense of well-being, not only are their symptoms of 
pain relieved but they feel fine "I have not felt so well m years,” said one of 
Dr Sanders’ patients Dr McNealy had the same experience 

Even if all the patients who have had vagotomies should have a recurrence of 
symptoms within five years. Dr Dragstedt has nevertheless accomplished a great 
deal He has proved something definite Many other surgeons have demonstrated 
this effect of nerve impulses Dr Wangensteen, who advocates a considerable 
resection of the stomach, has proved to his own satisfaction that an exciting cause 
of the ulcer is excess of hydrochloric acid — ^not only an excess, but a continuahce 
of the hydrochloric acid or gastnc secretion m the stomach after the stomach has 
emptied itself In other words, tlie gastric secretion continues beyond the normal 
period Dr Dragstedt, I think, has proved that if the nerve supply of the stomach 
is interrupted the sense of discomfort is at least temporarily relieved 

The other phase of the discussion, namely, that the patient must have had proper 
medical treatment before any surgical procedure is earned out, is obvious, but 
I have yet to learn what proper medical treatment is I have a great deal of 
respect for Dr Wangensteen’s careful work on the physiology of the stomach, but 
he was not able to find that diet made one particle of difference The patient got 
along just as well on raw carrots as on pap That also has been true m my 
expenence 

However, if one is to give proper medical treatment, one must take cognizance 
of tlie facts in Dr Dragstedt’s work and mterrupt at their source, the cerebral 
cortex, the impulses to the stomach that are disastrous and are responsible for the 
continuance of gastric secretion This brings me to the business of psychosomatic 
therapy Before one can evaluate medical management, these patients must have 
their difficulties straightened out Their tensions and their anxieties must be 
relieved 

“Proper medical treatment,” so far as anxiety is concerned, has been some- 
thing like this “You take a dose of this pap every two hours God help you if it 
doesn’t do jou any good, for then we are going to have to cut your stomach out” 
That IS supposed to relieve the patient’s anxiety 1 

I wish to repeat, all this work is extremely beneficial if one does not take too 
literally the New Testament mandate of cutting off the offendmg member 

Dr. Robert L Sanders, Memphis, Tenn Being host of the assoaation, I 
should be seen and not heard Ne\ertheless, I appreciate the privilege of taking 
part in this discussion 
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My colleagues and I have had only IS cases, but, from the clinical results 
obtained thus far, I believe that vagotomy is on solid ground 

Dr Zimmermann has emphasized the psjchoneurotic factor in duodenal ulcer 
If this IS the primary factor, division of the nerve pathways should be sound 
therapy from the etiologic and physiologic, as well as from the clinical, stindpoinL 
It serves to remove the stimulus which gives nse to gastric hvpcrmotilit> , hjiier- 
secretion and hyperacidity, which, in turn, produce and maintain ulcer 

It IS of little practical importance whether hj-peracidity, hjpcrsecrction or 
hjTiermotility is first in the synthesis of ulcer, though it is probable that lij-pcr- 
motility IS first, since the symptoms are induced directly by pylorospasm More- 
over, other operations involving section of nerves, such as sympathectomj for 
dysmenorrhea, are based on the same principle Wlien the Ussucs are relaxed, the 
pain ceases In a few of our cases we have made an observation which indicates 
that hyperacidity plays a lesser role, i e, the postoperative acids maj be little 
reduced, or not at all, under the stimulus of insulin hypogljcemia and jet the 
patient may be free of pain from his ulcer One may assume that hjpcrmotihtv 
is responsible for hypersecretion and that the latter is, in reality, chiefl} actne 
in the production and maintenance of ulcer This is in accord with Dragstedt’s 
view that the chief secretory abnormality is the production of an cxcessuc amount 
of acid during periods of fasting, particularly at night 

In any event, vagotomy is a rational indirect attack on tlie ulcer It gives one 
an idea of what might be accomplished by attack on the source of tlie ulcer, that 
IS, by preventing stimulation of the nerve centers themselves It mav be that in 
the not far distant future some agent will be discovered which serves this purpose 
effectively and permanently 

Whether one employs the abdominal or the thoracic approach is an individinl 
matter Being an abdominal surgeon, I prefer to divide the nerve trunks through 
the abdomen The thoracic surgeon feels that he can better reach them through 
the chest At my age, I do not want to become a thoracic surgeon, I am going 
to stick to abdommal surgerj I want to look at the ulcer, to feel it and if it is in 
the stomach, to find out whether or no it is malignant If it is a duodenal ulcer, I 
want to see whether it is posterior or anterior or both, and whether it k producing 
obstruction or is likely to do so, if so, I want to do a gastroenterostomj 

I have had no difficulty in dividing the nerve trunks through the abdomen 
Before attempting the procedure, I tried it on cadavers, using the abdominal 
approach , then I opened the chest to see whether all the trunks had been sectioned 
I could not find any intact fibers anj-where This convinced me that tlie operation 
could be performed as successfullj tlirough the abdomen as though the chest 
Vagotomy should not be attempted by the untrained surgeon, however, as it is not 
always easy to isolate the nerve trunks rurthermorc, in some patients there arc 
more than two vagus trunks, and one or more is likclj to be overlooked 

Although I do not believe vagotom> is the final answer to tiic problem of ulcer, 
it seems to be preferable to gastrectomj in tliat the tcdinic is rclativelv simple, 
the risk is less and nutritional disturbances arc likclj to be fewer The nerves 
having been divided tlirough their trunks and the ulcer having healed, one has 
good reason to expect that the sjauptomatic results will be lasting 

Dr Charles W Mavo, Rochester, Minn I rne to a point m question as to 

the existence of anj method at present that is adequate to determine witliin two 
weeks after operation whetlicr or not a surgeon has cut all the brarches of the 
vagus nerve In mj opinion, tlie passage of time, at least to the pom cf tv o to 
four months, with tests for the absence of acids is the onlv justifiab'e mc-irs 
concluding that all branches of the vagus nerve have been resected 
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Those of us who have done or are doing tliyroid surgery have seen a condition 
known as traumatic temporary paralysis of the recurrent laryngeal nerve and 
have known the function of tlie nerve to return after a week, or sometimes as 
late as two to three months after operation 

Because a review of records made at present rmght otherwise lead to a source 
of error in future considerations of this subject, it should be emphasized that 
sufficient time must elapse before it can be recorded that all nerves were cut at 
operation 

Dr R. Russell Best, Omaha I have been interested m the vagus nerve for 
several years In fact, about fifteen years ago I reported on some experiments 
Since then, I have tried to follow the literature regardmg the effect of the vagus 
on the gastrointestinal tract, and I am sorry to have to disagree with our gemal 
host but I do not believe that vagotomy as a treatment of gastric ulcer is funda- 
mentally sound 

In experiments carried out fifteen years ago, in which I tried to determine 
whether peptic ulcer is lymphogenic or neurogenic, I injected staphylococa into 
the wall of the stomach, in an attempt to produce ulcers m rabbits I found out 
that these rabbits died of a very small injection of staphylococci within about 
four days Examination of the nerve did not show vagitis or any disturbance of 
the lymphatic system 

I then conducted experiments on dogs in which I laid strips of magnesium 
sulfate on the vagus nerve m the neck in the hope that I might produce the ulcer 
which Cushing had presented as secondary to tumor of the brain 

However, when I placed the strips of magnesium sulfate on both vagus nerves 
of the neck, the dogs, unfortunately, died Four died because the strips were 
placed on both nerves, thus blocking the heart, I knew, therefore, that I was 
stimulating the vagus nerves 

In the next 6 dogs, I made gastric pouches and laid the strips on one nerve, 
but I was unable to produce ulcer I then lost my interest in the relation of the 
vagus nerve to the stomach Since then, a great deal of research has been done, 
I believe that it rmght well be summarized in the statement by Cryder and Thomas, 
m their recent report on their experiments They found that withm two years all 
their animals had a return of normal pancreatic secretion after section of the 
vagus nerves 

This observation probably leads to the conclusion that the stomach or tlie 
gastrointestinal tract is autonomous That is, after the vagus nerves are cut, the 
patient can still eat, he still has gastric juices and the stomach empties I do not 
believe one should try to arrive at a conclusion about this operation before another 
three or five years Many surgeons will probably become more enthusiastic about 
vagotomy or vagectomy, but I believe one should withhold the expression of any 
definite opimon at this time. 

Dr Frank Hamilton, Washington, D C The series of postradiation gastric 
ulcers IS too small to permit conclusions as to the etiologic factors There seems 
to be a direct relation between a heavy dose of radiation delivered to the region 
of the stomach and the formation of a radiation ulcer There also appears to be 
an indmdual tumor sensitivity, as well as a personal sensitivity, to the effects of 
radiation However, radiation ulcer did not develop in any patient who had a 
dose of less than 5,000 r applied to any one area Since the arbitrary limitation 
of the dose to this amount, no new radiation ulcers have appeared at this hospital 
Mj colleagues and I, however, are still seeing, and operating in, occasional cases 
of excessue fibrosis witli intestinal obstruction following heavy doses of radiation. 
How long we shall continue to see cases of this type is a matter of conjecture 
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In answer to Dr Schmidt s question concerning necrosis at the site of anas- 
tomosis Fortunate]}', m my small senes, I ha\e not jet encountered that 
complication Perhaps one reason is that I haie al\\a^s been able to make the 
anastomosis through reasonabh normal tissue On the gastric side of the anas- 
tomosis the effect of radiation seems to be sharplj limited, and I ha\e al\\a^s 
been able to resect the stomach through normal tissue at a higher le\cl than 
that at which tlie radiation effect apparently exists, as showai bj the slides On 
the jejunal side of the anastomosis, I hare alwajs been able to find a reasonabh 
normal appearing loop of jejunum winch was used for the anastomosis This 
anastomosis was follow'ed by' a jejunojejunostom\ when indicated '\t an\ rate 
thus far none of the anastomoses ha%c broken down but again it must be 
emphasized that the series is small and definite conchisions cannot he drawn 

Dr \VALTMA^ Walters, Rochester, Minn Dr Maso has brought out an 
important point which I had not considered presioush In the studs of the results 
of tlie insulin test, the only deduction possible is that a rise in gastric secretion 
fifts minutes after injection of sufficient insulin to reduce the blood sugar below 
-10 mg per hundred cubic centimeters indicates that all the branches of the aagiis 
nerves has e not been cut This increase occurred in 1 of ms cases and m some 
of the other cases sshich sse base studied I am glad that Dr Best brought out 
the points sshich he did, for experimental csidence presented bj llartrcll and 
Vanzant and others indicates rather definitely that gastric 'ccrction and gastric 
acids return witlnii two jears after resection of the sagus nenes 

Whs does the atomcity sshich deselops tsso, three or four dajs after gastrie 
resection, and in some cases persists for tsso ssceks, subside This return to 
normal tone is probably to be explained bs an inherent autonomic meehanisin in 
the stomach, sshich is independent of the sagus nerse Morcoscr the histaiiiiiu 
acts dircctls on the secretors inecliaiiism of the acid secreting glands nt the 
stomach but not on the sagus This is an important factor m the neccssus of a 
good dietars regimen sshich aims to losscr and neutralize gastric acidits in cases 
of peptic ulcer Certain substaiiecs such as tobacco alcohol and hot peppers 
dircctl} stimulate the gastric glands to secrete acid and do not act through the 
sagus nerses It is well to remember also, that oiils the eciitral nicrbamsni of 
gastric stimulation is remosed when the sagus nerses arc cut 

I wish to call attention to seseral cases and to show some slides In 1 case 
I perfonned gastric neurectomy for a small gastric ulecr about nine weeks ago 
The ulcer was not removed The patient felt fine for tsso weeks after operitioii 
at winch time he retunicd home He then began to base a feeling of fulness 
after meals and returned for further examination roentgenogram taken alioiit 
1 o clock in the afternoon eight weeks after the operation rescaled a dilated 
stomach There was so much secretion m the stomach fisc hours after a test meal 
that the roentgenologist could not tell whether or not the ulcer had hcalc'd IMoro 
spasm and hjpomotilits of the small intestine were noted on rocntgciioscopic 
examination In other words, the finds coordinated mechanism of the muscles of 
the stomach, the pslorus and the small intestine was absent 

In another case gastnc ncurcctoms had been performed for a large gastric 
ulcer The neurectoms had licen complete as determined bs the msuliii le-t 
The large gastnc ulcer sshich the patient had pnor to operation is shown in the 
roentgenogram (left side of slide), and a roentgenogram made seserd in .n'h 
later reseals the recurring gastnc ulcer (nght side ol shde) The pane u lad 
achlorhsdrn after operation, but with recurrence of the ulcer the gavrir and 
reappeared in increasing amounts He has also had hltidiiu, iruni t’u ilnr 
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I should like to mention the immediate relief of pain which is said to occur 
after gastric neurectomy Many surgeons have noticed the relief of pam which 
occurs when a patient with an active, painful ulcer rests m the hospital for a time 
before operation I found years ago that unless I told the patient before hospitali- 
zation that he would think he was cured at the end of a week m the hospital, 
before operation, he would want to leave the hospital and not stay for his operation 

Then, too, a certain degree of inflammation regresses spontaneously To 
emphasize this point, I call attention to a number of patients with gastric lesions 
which the surgeon believed at the time of exploration to be moperable and malignant 
Seven-tenths per cent of these patients have lived longer than five years since 
exploration In one-half the cases tlie lesion was proved to be malignant by 
biopsy In the other half, no biopsy was made, and the lesion apparently ^vas 
mflammatory and had healed spontaneously 

I have a three minute motion picture showing the techmc of transabdominal 
gastric neurectomy Yesterday Dr Sanders called attention to the value of placmg 
a tube in the esophagus The procedure is helpful, but it is well to pull the tube 
up high m the esophagus after the mam vagus trunks have been resected because it 
interferes with palpation of the smaller branches of the nerves on the esophagus 
(Motion picture ) 

There is a tendency for all nerve structures to regenerate. However, in some 
of Hartzell’s and Vanzant’s dogs examined two years after resection of the vagus 
nerves regeneration had not occurred 

It IS my belief that if the vagpis nerves can be accurately resected just above the 
diaphragm, they can be resected as well just below the diaphragm. In the 8 per cent 
of cases m which multiple nerves are present, it seems to me the same trouble in 
locating all the branches will be encountered with the thoracic as with the 
abdominal approach The value of exploration of the ulcer and the other abdominal 
structures which is possible with abdominal approach cannot be minimized 

Dr Harold L Thompson, Los Angeles I have nothing to add except to call 
your attention again to the point that my paper is the factual report on a sampling 
from tivo and one-half years’ work in gastric surgery at the Los Angeles General 
Hospital The method was to take 100 unselected cases m one group and SO 
unselected cases m another group The results of this study are discussed m our 
article (Thompson, H L , and Prout, H Surgical Treatment of Peptic Ulcer, 
Recent Experience at Los Angeles General Hospital, Ajrch Surg 54 390-413 
[April] 1947) 
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T NTRAMEDULLARY internal fixation in the form of wires or 

bone grafts has been used for many years Kuntscher m 1940 * 
wras apparently the first to use a so-called nail or bar in the shafts 
of long bones which traversed the length and width of the canal, 
thereby controlling angulation, lateral displacement and torque The 
onginal Kuntscher nail is a V-shaped bar of V2A stainless steel of 
such a size as to be easily dnven into the mcdullarv canal of the 
particular bone under treatment 

In devising the medullary nail, Kuntscher has produced a form 
of fixation for shaft fractures analogous to that supplied bj the nails 
used so frequently and successfully in fractures of the femoral neck 
His method therefore has the same advantages, i c , no external 
fixation is necessar}", the joints are kept mobile and the patient may 
be ambulatory in a relatively short time 

In the six years since Kuntscher’s onginal report this method has 
been used extensively in Europe, w'lth gratifjing results Itlaatz and 
Reich ■ reported a senes of over 200 cases, wdiile Bolder " has anal\ zed 
400 cases 

Published witli permission of the Chief Medical Director Department of 
Medicine and Surgery, Veterans Administration vho a'suniLS no rcsponsibihta 
for the opinions expressed or conclusions drawn ba the author 

Read at the Fifti -Fourth Annual Meeting of the Western Surgical \cso- 
ciaUon, Memphis, Tcnn , Dec 5 1946 b\ imitation The paper was read h% 
Dr Dana M Street, Cliicf of Orthopedic Surgera Section Kcnned\ \ c e--ns 
Administration Hospital 

1 Kuntscher, G Zcntralbl f Chir 67 1145 (Tunc) ]'?49 

2 Mnalz, R, and Reich, H Bcitr z khn Chir 174 35S oSa (Ma\) 194* 

3 Bolder, L. Treatment of Fractures m Peace and n WWr cd ? \ 
Whlhelm Maudneh, 1^42 
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In his early cases Kuntscher inserted the nail retrograde into the 
marrow cavity of the proximal fragment by means of an open reduc- 
tion The nail was driven proximally through the canal and out 
through the greater trochanter of the femur until the distal end Wcis 
at the fracture eite He then reduced the fracture and drove the nail 
on down the medullary canal of the distal fragment In later cases 
he found that the nail could be inserted directly through the trochanter, 
the fragments brought into ahnement under the fluoroscope and the 
nail then driven into the distal fragment without resorting to open 
reduction 

There have been several modifications m the technic and the 
various devices used to facilitate the introduction or extraction of 
the nail The widening of the canal in the distal and proximal thirds 
of a bone allows a certain degree of lateral displacement in fractures 
m these locations Maatz * has overcome this by using a double nail 
consisting of two half-round, trough-shaped nails These are inserted 
through a window in the cortex, usually m the lateral wall The 
distal or pioximal ends of the nails, as the case requires, are made to 
diverge to keep them in close apposition to the inner surface of the 
cortex Herzog ° has produced a lever device to aid in the closed 
reduction of the fracture Stor ® described a special tool for use in 
extracting the nail 

Although Kuntscher’s method has been much used in Europe, there 
has been, owing to the war, little knowledge of it on this continent, 
and Its advantages are still not widely recognized We wish to present 
111 this paper 4 cases in which we inserted a medullarjr nail and which, 
we believe, well illustrate the indications for its use 

In these cases we have used nails of a somewhat different pattern 
from the original Kuntscher nails (fig 1 ) These, designed by one 
of us (H H ), are diamond shaped in cross section rather than V shaped 
The metal composing them is chrome-nickel stainless steel of the follow- 
ing composition 


Chromium 

17 0 

Nickel 

70 

SInnganese 

2 5-023 

Silicon 

15-0 2 

Copper 

06 

Phosphorus 

04 

Cnrhon 

012 


REPORT OF CASES 

Case 1 — C E, a white man aged 25, was injured while signaling to make a 
left turn He was admitted to the hospital on Sept 15, 1945, with a comminuted 
fracture of the left humeral shaft, compound badly comminuted elbow and com- 


4 Maatz, R Zentralbl f Chir 70 1641-1649 (No^ 13) 1943 

5 Herzog, K Zentralbl f Chir 70 1656 (Nov 13) 1943 

6 Stor, O Zentralbl f Chir 70 754 (May 22) 1943 
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Fig 2 (case 1) — A, fracture six weeks old, prior to operation B, appearance 
following insertion of medullary nail C, solid union fourteen weeks after opera- 
tion 
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pound comminuted fracture of both bones of the forearm The compound frac- 
tures were debrided, and a plate was applied to the ulna, the olecranon w ircd 
and a hanging cast applied At the end of six weeks, the position of the frac- 
tured humerus was still unsatisfactory and umon was slow , we were anxious 
to mobilize the elbow (fig 2A) An open reduction was therefore performed, 
and a nail was inserted through the greater tubercle of the humerus extending 
down m the medullary canal to withm 1^5 inches (3 cm) from the elbow joint 
Fixation was solid m regard to both lateral displacement and rotation, obinting 
the use of a cast The postoperatue roentgenogram (fig 2J5) shows the reduc- 
tion mamtamed by the nail After fourteen weeks (fig 2C) the fracture lines 
appeared solid and ready for extraction of the nail 

Case 2 — H I, a white youth aged 19, fractured his patella and had an open 
reduction Three months later 'he was m an automobile accident, sustaining 
a compound refracture of the patella and in addition a fracture of the femoral 
shaft (fig 3A) He was admitted to the hospital on Dec. 7, 1945, tlic da> of 
the second injury The wound was debrided, the distal fragment of the patella 
excised, the ligaments sutured and skeletal traction applied to the distal end of 
the femur Even after two weeks the fractured femur was still so painful that 
he could not be persuaded to do quadriceps setting or to moie his knee at all 
An open reduction was then performed and a nail inserted from the greater 
trochanter to within 3 inches (7 6 cm) from the knee jomt Fixation was 
extremely solid, and no cast was necessary Motion of the knee was begun the 
day after operation and was quickly restored, with no pain m the thigh He 
was allowed up m a wheel chair in two weeks, partial weight bearing w ith crutches 
in three weeks and full weight bearing m five weeks Abundant callus was 
already present after three w’ceks (fig 3B) and solid healing after scicntccn 
weeks (fig 3Q The nail could have been withdrawn, but since there were no 
symptoms it was decided to leave it in for anotlier two or three months 

Case 3 — H , a white man aged 28, was admitted from another hospital 
on Nov 23, 1945, six weeks after an airplane crash In this he sustained a com- 
pound transverse fracture of one femur and a simple comminuted ffacturc of 
the other In the latter there were multiple transverse fracture lines forming 
two intermediate fragments resembling sections of pipe and measuring 3 and 
5 inches (76 and 12 7 cm) in length The position in skeletal traction was 
unsatisfactory (fig A A) The compound femur was treated b> plating, and when 
the patient's condition permitted, a nail w'as threaded down the comminuted 
femur A cast was applied because the distal fragment was too short to be 
securely held by the nail A composite picture (fig AD) shows the position of 
the entire femur postopcraU\eI> Diffuse, poorlj calcified callu'^ was visible at 
twelve weeks with the cast removed (fig 4C) 

Case 4— H Y, a white man aged 23, was admitted to tlic hospital on Jan 5, 
1946, with a simple fracture of the middle third of the nght femur (fig 5 I) 
Open reduction was performed because of uniatisfaclorj position in traction 
and a medullary nail was inserted The patient was allowed to bend his 1 nee 
immediately after operation and maintnincd good motion and musculature. He 
was up in a wheel chair in two weeks and was bearing partial weight in three 
weeks and full weight m five weeks Good callus was present at three wetlv 
(fig 5B) The nail was removed after fifteen weeks because of dull pan in the 
knee, with immediate relief Full weight bearing widioJt ‘uppo-t was co-’ m.-! 
after removal of the nail Figure 5C shows the massue new l>o-e i>-csrm a* 
<iglit months 
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Fig 3 (case 2) — 4, before operation D good callus after three weeks 
C, solid union after sc\ enteen w eeks 




Tip 4 (cnse 3) — J jirct-'in-r itnt i' a i.<. <>i ll l irirti "i /> c ,> % 

to intire length of uiiiur ifttr iii'inu n o i ai! t ^ ra!' i i - i- 

w ccks 

43 *) 


Fig 5 (case 4) — A, preoperative appearance. B, good callus after three weeks 
C, solid union eight months after insertion of nail and four months after its 
remoi al 
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COMMENT 

Indications jor Use of the Llethod — These cases, although few in 
■number, clearly show the ■validity of the ad\antages onginall} claimed 
by Kuntscher The fixation is solid, and no cast is neccssar} (if the 
fracture is in the middle third of the femur or middle half of the 
humerus) Motion of the adjacent joints can be started immediately 
after insertion of the nail For this reason, motion need not be 
restored because it is not lost, and muscles do not require rehabilitation 
because atrophy does not occur The patient can be out of bed in 
two weeks and can be bearing partial weight in three weeks and full 
weight in SIX weeks m the average case The lengthy penods of 
hospitalization so frequent in fractures of the femur are therefore 
unnecessary, and elderly patients become ambulator)' before onset of 
hypostatic pneumonia 

This method is particularly suited to the treatment of comminuted 
fractures in which there are multiple transverse fracture lines, the 
fragments being threaded on the nail-like beads Rotation and torque 
stress are controlled by tlie nail, and apposibon is maintained by muscle 
tone The technic is simpler than multiple plates or a single long plate, 
since these involve many drill holes and the insertion of a dozen or 
more screws 

The method is not indicated for fractures near the end of a bone 
The increased diameter of the medullary canal in such fractures allows 
lateral displacement, and the short fragment has insuffiacnt hold on 
ihe nail We feel that the method is also contraindicated in compound 
fractures because of the extensive potential field of contamination 
However, this will have to be determined by experience o\cr a period 
•of years 

In 3 of these cases (1, 2 and 3) the callus formation was apparent 
as early as and in amount equal to that in closed reductions (Case 
3 presents different problems which wnli be discussed separately ) The 
callus was not delayed in a manner frequently seen with plate fi\ation, 
and no absorption was noted such as is seen in methods of pm fixation 
This we attributed, as did Kuntscher, to the anatomic apposition ngidh 
maintained by control of torque and displacement and also to the 
physiologic pressure between the ends of the bone exerted b) the 
normal pull of the muscles Tiic method, therefore, instead of being 
nonphvsiologic as it might at first appear, ma) m rcaht\ be the most 
physiologic of any method of skeletal fixation as act dcaiscd 

In case 3 the callus was considcrabl) less abundant 3 here arc 
several factors which may account for this Tiie operation was per- 
formed eight weeks after injun,', or after the time when the maximum 
formation of callus normal!) occurs Callus was found to be -^cart -'t 
3he time of operation There was an as':ocnted fracture of a h'gc Uac 
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other than the one nailed The fragments were segmental m nature 
The relative importance of these factors is not within the scope of thi 
discussion 

Techmc — In the cases presented, open reductions were performe( 
for two reasons First, accurate reduction was insured Second, w 
considered that there was risk of fat embolism in the closed method 
A nail measunng 45 cm in length and 20 sq mm m cross sectioi 
displaces about 2 teaspoons of fatty marrow This must be extrude( 
at the fracture site We consider this pool of fat a real potentia 
danger and prefer to wash it out with ether 

It has been our expenence that tlie retrograde method of insertin] 
the nail through the proximal fragment is technically simpler thai 
inserting it directly through the greater trochanter of the femur 
Type of Nail — The modification of Dr Maatz, while theoretical! 
good, requires that two nails be especially constructed for each case 
also a window is necessary in the side of the shaft The diamoiid-sliapec 
nail which we have used differs from the Kuntscher nail in that i 
spans the diameter of the canal rather than three cliords It provide; 
extremely ngid fixation, while at the same time it contacts the inne 
surface (as viewed in cross section) at only two points instead o 
three It therefore leaves more of the surface of the canal unmolested 
The choice of metal is of course important It must not bene 
under the force of the adductors plus adduction stress of weight bearing 
since removal of a bent nail is difficult It must be resilient but no 
brittle since a broken nail would also present a problem in its removal 
It must also be as nearly isoelectric as possible We chose stainless 
steel as the metal best suiting these requirements The two nails thus 
far removed still showed a high polish Although the pain in the Iasi 
patient was attributed to reaction about the nail, it was still snug anc 
required dnving with a mallet to remove it 

SUMMARY 

Treatment of fractures of the shaft of long bones by means of s 
medullary nail was introduced by Kuntscher in 1940 and has since 
been extensively used in Europe Its use is indicated for simple 
fractures in the middle tliird of the femur or middle half of the humerus 
(a) witli multiple segmental fragments, (6) with associated fracture 
into the adjacent knee or elbow joint and (c) in elderly persons 

Open reduction is preferred to closed reduction because of danger 
from fat embolism 

A new tj'pe of nail is presented (diamond shaped) 


SURGICAL RELIEF OF PAIN IN PARAPLEGIC PATIENTS 

L WILLARD FREEMAN, MD, PhD 
NEW HAVEN, CONN 
AND 

ROBERT F HEIMBURGER, MD 
CHICAGO 

T^ROM the recent worldwide conflict approMinatch 2,000 persons 

returned to this country w'lth severe injuries to the spinal cord 
and spinal nerv'es Of these, some 600 haA e been under our care for 
varying periods Recent yeais have brought the wholesale discard of 
older concepts of paraplegic care, and the life expectancy of the a\ erage 
jiatient with severe injury of the spinal cord has been IcngtheiiLd from 
about eighteen months to perhaps a normal one In consequence of 
the renew'ed hope for this type of patient, the administration ot drugs 
which produce addiction for the relief of pain can no longer be counten- 
anced It is our firm belief that pain can kill, if not outright as in a 
case recorded by Tinsley,' then at least insidiouslj through it<; coiitiinied 
action in bringing about starvation For the purpose of simplification, 
pain 111 the paraplegic patient can be classified into three tipes Usinlh 
more than one of these elements will be present in the iiidnidiiil east 

CL\SSiriCATIO\ 

1 Sovwlic Pain — Somatic pam is that pain chaiacieri/ed in inter- 
mittcncy, sharpness and conformation to denn itoine pattern'; It i'^ 
found most frequentb in patients with iniur} to the caiida equina md 
aftccts the dermatomes in which no sensation is present Tlnis it can 
be likened to a phantom pain In some instances the Inpcralgcsia 
of the segments Ijmg dirccth aboac the sue of injure inaj amount to 
actual pam 

2 SvnipaiJictic Pain — S>mpathctic pain is charactenred In lt'^ 
Constance, be its dull, aching or burning nature and be its eague 
reference to such regions as the back of the leg Tins includes lia 
so-called visceral pain 

3 Psychic Pam — Ps>cliic pam has no definite charactcriring feature s 
and does not lend itself to definition In the jdnlosophic s^nse mv 

Read at the FifO -Fourth \nmnl Miclimr of tlic W c'tcm "^urpical iti 

kfemphis, Tciin , Dec 
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might find the description of pain as the absence of pleasurable sen- 
sations (Schopenhauer) more elucidating than the many vague terms 
of modem psychology Because these patients have suffered severe 
mental trauma, it is necessary to speak of the diagnosis of pain 

DIAGNOSIS OF PAIN 

In figure 1 is shown a patient who suffered a gunshot wound of his 
abdomen in combat The missile perforated his large bowel and the 
lower spinal canal, producing severe damage to the cauda equina At 
the time this photograph was taken, nineteen months had elapsed since 
injury and the use of narcotics had been withdrawn over the last three 



Fig 1 — Patient with lesion at the cauda equina suffered in combat nineteen 
months previously Somatic pain was the dominant complaint, all types of pain 
m the legs and trunk were rdieved by bilateral cordotomy performed high up 

months Of special interest are the position and the facies The drawn 
expression — “hang-dog” look — and the sharply flexed posture are 
typical of a patient suffering severe pain Nutrition is poor despite 
frequent transfusions, special proteins and numerous efforts to stimu- 
late the appetite Once tins picture of true somatic pain has been 
seen, the purely “psychic pain” can be recognized quickly With this 
type it IS observed that onl)'^ as the physiaan approaclies the bedside 
IS the patient stirred from cheerful conversation with his bedfellows 
His appeals for relief of pain know no bounds, except that surgical 
rebef is usually resisted On adoption of the policy that pain requinng 
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morphine for relief should be attacked surgicall} , man} oi the pseudo- 
pains cease to be problems The patient suffering somatic pam can 
give a clear descnption of all aspects of it SMiipathetic pam does 
not lend itself to such accurate description, but the stor\ fits the jiattern 
of pam of peripheral tascular disease so uell that it is also rclatnch 
clear However, the sufferer from pseudopain finds it necessar\ to use 
verbiage far beyond the standard of his educational achle^emcnts Long, 
drawn-out, vague descriptions, etasions of direct questions and the 
profound lability of emotions wilt ser\e to arouse suspicion Far 
greater difficulty is encountered in cases which demonstrate combina- 
tions of all the types discussed Several test methods ma} be used 

(a) Placebo therapy When the pstchic component must be con- 
sidered as a large contributor, a course of placebo therap} will often be of 
considerable benefit In highly emotional patients the threat of suicide 
during such a course has been encountered 

(b) Sympathetic nerve block This should temporanU relict c the 
sympathetic type of pain Hotvever, since the origin of the pain is 
probably not peripheral, care should be cverased m ctaluatmg therap} 
suggested by this procedure 

(c) Procaine hydrochloride anesthesia of “trigger points ” Thi>- 
should be used in all cases m which these can be demonstrated 

(d) Caudal or extradural procaine hydrochlonde anesthesia This 
will temporarily relieve somatic pain but often will not influence pstihic 
pain 

(e) Controlled spinal anesthesia This procedure described In Fat 
and Gotten," has been used in a modified fashion to demonstrate the 
likelihood of success of intraspinal procedures 

Each of these test methods ma} give permanent benefits, espcciallt 
if they are repeated 

ST-RGICAL PROCEDURCS FOR RELIEr 

Surgical procedures for relief include the follow mg 

1 Injection of alcohol into peripheral nertes This procedure Ins 
extremely limited application but can he used with temporirt -icre'-s 
tvhen previous injection with procaine htdrochloride In'- gitcn rel ci 

2 Injection of alcohol in the epidural space This proLCotirL Ins 
limited use m the paraplegic jiaticnt because of the ‘^earring eu the 
dura at the site of mjur} 

3 Injection of alcohol m the subarachnoid space (Doglin ti ) Fr' . 

1 to 2 cc of absolute alcohol is injected slowh in the '•uP'iracbrr d m "'c 


2 Ftv, T and Gotten, N Con_rolkd 'Spinal 'r'-ul'ina \ 

Establi'linift \ppropnatc LcncK for Cliordt to in \rch \t ' f I’*\ 
1276-12S1 (Dec.) 10'3 

3 Dot;lirtti, A M T raitcnicnt eks <;\n'rin ' di 1 J't ' i’ ’ , 

par r alcoolisation sub arachnridnm c raci i' p"' < 

dc la inocllc tpiniere Prcs'c irud 12'2 ( \ " 2_1 P ' 
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\\ith the patient l}ang on the unaffected side, arched at the point at 
which maximum effect is desired and turned slightly to the back to 
keep the posterior roots uppermost 

4 Sympathectomy Routine lumbar sympathectomy or the Peet,^ 
Adson ® or Smitliwick ° procedures can be utilized Results m 5 cases 
have been disappointing enough to warrant hesitation m the utilization 
of this procedure 

5 Decompressive laminectomy, leaving the dura open This has 
less success in late cases than it does in early ones 

6 Dorsal rhizotomy An occasional case will be found in which 
section of appropriate spinal posterior roots would seem to be indicated 
Hovever, success is limited 

7 Chordotomv Section of the anterolateral spinothalamic tracts will 
be found to be necessary in most cases 

STATISTICS 

Analyses of cases at vanous centers bave given data which show 
large differences in the proportion suffering wnth pain At one center 
only 12 per cent of the patients required special attention to pain At 
another the figure jumped to 17 per cent Astoundingly enough, at 
a third the indications were that over 50 per cent had problematic pam 
Reevaluation of this last group soon showed that careful diagnosis, 
assurance, occupation and placebo therapy reduced this proportion to 
approximately 15 per cent Few patients with lesions above the cauda 
equina have real pain Careful anal} sis will reveal that unpleasant 
sensations are interpreted as pain, and custom causes these patients 
to request hypodermic injections for rehef However, there remains a 
large number of patients, almost all of them with lesions of the cauda 
equina, who face addiction to drugs unless surgical rehef is offered No 
attempt is made to include the rather numerous acute pains occurring 
in the course of common ailments 

In the accompanying table the results of tlie surgical procedures are 
briefly summarized In some patients more than one procedure was 
carried out before rehef was obtained Not all the 600 patients had been 
under our care for sufficient time to determine tlie necessity for surgical 
rehef of pain However, approximately two thirds of them had been 
under our care for a period of more than six months 

4 Peet, M M , Woods, W W, and Braden, S The Surgical Treatment 
of Hypertension Results in Three Hundred and Fifty Consecutive Cases Treated 
by Bilateral Subdiaphragmatic Splanchnicectomy and Lower Dorsal Ganglion- 
ectomj, J A M A 115 1875-188 (Nov 30) 1940 

5 Adson, A W , and Brown, G E Treatment of Raynaud’s Disease bv 
Lumbar Ramisection and Ganglionectomy and Perivascular Sympathetic Neu- 
rectomj of the Common Iliacs, J A M A 84 1908-1910 (June 20) 1925 

6 Smithvnck, R Surgical Intervention on the Sjmpathetic Nervous S>s- 
tem for Peripheral Vascular Disease, Arch Surg 40 286-306 (Feb ) 1940 
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The failure of any surgical procedure short of chordotonn can be 
predicted with relative certainty \11 paraplegic patients ha\c suffered 
injury to the contents of the spinal canal, and efforts aimed at the 
periphery disregard the seat of the pathologic changes The lailurc of 
dorsal rhizotomy comes from the fact that oiil} the projection site is 
removed, whereas the pathologic phenomena are present at or in the 
spinal cord Sympathectomy is likewise doomed to failure since the 
typical pain is often present in patients show mg comjilcte swiijiathcctomt 
effect in the lower limbs In the arms, success of sMujiathectonn can 
be predicted m cases in which the injury included the brachial plc\u? 
Emphasis for the view that sympathcctoni} will usiialh tail i^ jirondcd 
by the observation that patients with complete transections at or abo\e 
the third dorsal dermatome do not complain of jiam m the legs or 
viscera 

Results of Sur<jical Procedures xu Casts of Paraph ^la 
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Two exceptions to this statement must lit recorded I'leurc 2 shoe s 
photomicrographs taken ot a 2 3 cm piece of spinal cord Iictwccn tin 
second and third thoracic roots remortd from a patient who had ‘^niure.d 
a clinically complete lesion twenty months prior to opcraiion Hi-- 
seiisorjf le\el was the fourth tiioracic dermatome, ind lie coinplamed 
bitterly of pain in the right leg Xuineroiis gitlcr cells and mnammatoM 
signs arc seen Xo norniaf structure can be distingin-hcd Po^t 
opciatucly, there was little diminution of pam until thiamnu nKotin’e 
acid and finalh Inst amine deseii'-itiration were U'-cd In i ^cciaid c im 
there were gross findings ol couMdc ruble mfi unmatorc ehni^c- d lit 
second thoracic dennatomc wuboul rebel oi jnm m tlu I’-md de-jatt 
section of the anterior half of the cord ilic-e ra-i- iri ( i. 
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Fig 2 — Photomicrographs of a segment of spinal cord from between the 
second and third thoraac roots in a patient with complete paraplegia suffered 
twentj months prior to operation Pam was present in the right leg from the 
time of injury and was not relieved by the operation 
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the first B.Tid second dorsal roots has uniformly abolished all types of 
pain in the legs or viscera Consequently, it is felt that the surgical 
procedure of choice for relief of pain in the majority of patients is 
bilateral chordotomy between the first and second dorsal roots 

Of the 45 pabents undergoing chordotomy listed in the table, 24 ivere 
operated on by us In 6 of these it was done twice because there was 
failure to relieve the pain and inadequate levels of analgesia were 
■demonstrable after the first procedure The 2 patients listed as not 
improved after six weeks had no change in their levels of analgesia 
postoperafavely Each of the patients with only partial relief had 
inadequate levels of analgesia on at least one side 

All pabents in whom the level of analgesia reached above the 
dermatome level of the referred pain had complete relief of somatic 
pain All patients with levels of analgesia at or above the third dorsal 
•dermatome had complete relief of somabc and sympathebc pain 

Differenbal chordotomy was done in 4 patients centered at the 
sixth dorsal vertebra Each of these obtained temporary relief only 
Unilateral chordotomy was done in 12 cases, but this served only to 
unmask the pain in the other leg, and the other side had to be secboned 
We have been gradually performing chordotomies higher m the spinal 
canal, unbl we now do them between the first and second thoracic 
roots m all cases This has been necessary, since early operations 
which gave levels of analgesia at any point below tlie fourth thoracic 
dermatome only relieved the somabc pain and often did not relieve 
the sympathebc pain Fortunately, a large percentage of the earlier 
pabents subjected to chordotomy either did not have sympathebc pain 
or were able to tolerate it The postoperabve discomfort from the 
procedure as carried out higher up is mucli less, and the execution is 
no more difficult No operative deaths occurred m this group 

Local anesthesia is preferred, since the adequacy of the procedure 
can be assured on the operating table by sensory examinabon In 
patients who do not permit the use of local anesthesia failure to produce 
adequate levels of analgesia has required that the operation be repeated 
This IS usually done on the tenth day after the first procedure 

Comphcabons encoimtered include involvement of the bladder and 
spasbaty No permanent involvement of the bladder has been produced 
However, several pabents lost pam as an index of fulness of the bladder 
after the procedure Of the 45 patients listed, 7 had some degree of 
postoperabve spasticity, but none had permanent loss of motion present 
preoperatively In only 1 case was tins spasbcity of any concern 

The surgical technic used by us follows the pattern laid do^^n bj 
Frazier" and elaborated by others® Figure 3 (dravn by one of the 

7 Frazier, C H Section of the Anterolateral Columns of the Spinal Cord 
for Relief of Pain A Report of Six Cases, Arch Neurol &. Psichiat 4 137-147 
(Aug ) 1920 (Footnotes continued (>n n»xf paoc) 
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patients) shows the ideal course of the knife in chordotomy Although 
the section must closely approach the gray matter, we do not feel that, 
as in the dog,® there is any necessity of entering it This view is 
substantiated by Hyndman We have used successively deeper and 
more anterior sections in almost all our cases and find that as the 
section IS continued medially and anteriorly the level is raised We 
have made no observations of the temperatures In the region between 
the first and second thoracic roots a depth of 5 mm must be reached, 
and the tip of the knife must emerge at least 2 mm antenor to tlie 
point of emergence of the anterior root to insure adequate levels of 
analgesia and relief of pain Unfortunately, the severe degree of 
paralysis already present in almost all cases does not permit accurate 
observation of the loss of motor function In bilateral sections tlie 
incisions should be placed at least 1 cm apart to prevent the production 
of a complete transection 



Fig 3 — Diagrammatic sketch of spinal cord to show approximate course of 
the knife in cordotomy This is a 13 mm cross section at D2 

SUMMARY 

Bilateral chordotomy performed high up, below the ann area, is 
presented as the best answer to the problem of somatic and sympathetic 
pain in the trunk and lower limbs of patients tvith in3ury of the spinal 
cord 

Diagnostic procedures for differentiation of the types of pain are 
listed Caution in the analysis of pain is urged The central origin of 
the pain is emphasized 

8 (a) Kahn, E A Anterolateral Chordotomy for Intractable Pam, J A 

M A 100 1925-1928 (June 17) 1933 (b) Hjmdman, 0 R , and Van Epps, C 

Possibility of Differential Section of the Spinothalamic Tract A Clinical and 
Histologic Study, Arch Surg 38 1036-1053 (June) 1939 

9 Davis, L , Hart, J T , and Cram, R C The Pathway for Visceral 
Afferent Impulses Within the Spinal Cord II Experimental Dilatation of the 
Biliarj Ducts, Surg, G\nec & Obst 48 647-651 (May) 1929 



FOREIGN BODIES IN THE INTESTINAL TRACT 


THOMAS J SNODGRASS, MD 
JANESVILLE, V/IS 

'^j ''HE TOOTHPICK is still widely used in America It accompanies 
J- the Martini, the Manhattan, the Old-Fashioned, the canape and 
the club sandwich The integrity of the last popular item with its many 
unstable layers requires the holding power of the toothpick One 
equipped with artificial dentures may not have to use the toothpick as 
such, but ivith the loss of sensory stimuli m tlie roof of the mouth and 
the gums it is much easier to ingest unknowingly a foreign body in a 
morsel of food Cocktails, canapes and club sandwiches are conducive 
to the careless handling of toothpicks, and that more are not arrested 
somewhere along the intestinal tract is due only to the marvelous 
mechanism in the intestinal tube which makes it possible to manage 
foreign bodies m great quantity without serious damage This mecha- 
nism was described by Carp ^ in 1927 He described the experimental 
work of Exner, showing tliat large quantities of sharp foreign bodies, 
such as spicules of glass and needles, can be introduced into the stomach 
of dogs and cats, and the intestinal tract can turn and expel them, 
blunt end first, within twenty-four hours without injury to the intes- 
tinal mucosa Carp ^ further described the points of arrest as (a) the 
junction of the second and the third part of the duodenum, (&) the ileo- 
cecal region, (c) the lumen of the appendix, (d) the junction of the 
cecum and the ascending colon and (c) the flexures and haustra of the 
large intestine 

Carp ^ reported a series of 48 proved cases of foreign bodies in the 
intestine occurnng in the Presbyterian Hospital m New York between 
1915 and 1926, all the bodies having been swallowed and many differ- 
ent types encountered In most of them in which the patient could 
be followed the body was evacuated without untoward symptoms ' Of 
the 31 cases with follow-up obsen^ation, the bod} nas passed in 25, or 
80 per cent 

From the Pember Nuzum Clinic. 

Read at the Fifty-Fourth Annual Meeting of the Western Surgical Associa- 
tion, Memphis, Tenn , Dec 7, 1946 

1 Carp, L Foreign Bodies m the Intestines, Ann Surg 85 S7S-591 (Apnl) 

1927 
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That foreign bodies are arrested in the intestinal tract and do cause 
senous damage is attested by the numerous reports from the literature 
However, cases in which the toothpick is the cause of the trouble are 
comparatively few While most foreign bodies are swallowed aca- 
dentally, it is not infrequent practice among the msane and certam 
professional persons to make a business of eating glass and other objects 

Cannady,^ in 1931, in a discussion of this subject, reported the case 
of a woman aged 26 who was operated on three times within a year. 
Each time a large number of foreign bodies were removed, and tlie 
last time 140 such objects, mostly wire nails, screws, and the like, were 
removed from the stomach In his conclusions, he stated that “while 
there have been several reported cases of perforation of the cecum by 
wooden toothpicks, perforation of the viscus by nails or other pomted 
metal objects is a comparatively rare occurrence ” 

While the present discussion applies to foreign bodies in general, 
the case reports are limited to those of toothpicks and similar slivers 
of wood Although chewing toothpicks is a common practice, I have 
found no case in which a person made a business of eating toothpicks, 
and in only 1 case did the victim recall the time at which the object was 
swallowed 

In 1926, Ginzburg and Seller ® reported 12 cases of nonmetallic 
foreign bodies in the intestinal tract 6 of fishbones, 5 of chicken bones 
and 1 of a toothpick They found the cecum and the flexures of the 
colon the most common sites of arrest, and the conditions most fre- 
quently noted were (a) acute peritonitis, (&) localized intestinal abscess, 
(c) intra-abdominal inflammatory tumor, (d) inflammatory tumor of 
the abdominal wall, (e) abscess of the abdominal wall and (/) inflam- 
mation and obstruction m a hemial sac 

MacManus,'* in 1941, collected 95 cases from the literature, excluding 
cases of perforation by ingested blunt foreign bodies Of these, tooth- 
picks and splinters of wood caused perforation in 9 cases, or m more than 
9 per cent of the whole senes He found the predominance of perfora- 
tions m the lower iliac and the cecal region Aside from a large number 
which occurred in the appendix and in Meckel’s diverticulum, the per- 
forations in 20 of the 95 cases were in these regions In 50 per cent 
of the cases the duration of symptoms ranged from a few hours to two 
weeks The mortality rate in the surgical penod before 1900 was 53 5 

2 Cannady, J E. Foreign Bodies in the Stomach and Intesbnes, Ann. Surg 
94 218-232 (Aug ) 1931 

3 Ginzburg, L, and Beller, A J The Clinical Martifestations of Non- 
metallic Perforating Intestinal Foreign Bodies, Ann Surg 86 928-939 (Dec) 
1926 

4 MacManus, J E. Perforations of the Intestine by Ingested Foreign 
Bodies, Am. J Surg 53 393-402 (Sept.) 1941 
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per cent, and m the period after 1900 it dropped to 10 per cent. 
MacManus * also reported a case of his own in which a toothpick was 
the cause of tlie perforation 

Melville,® in 1940, in discussing perforation of the intestinal tract by 
foreign bodies, stated that the condition is not common and apparently 
has never been diagnosed before operation or autopsy, because of the close 
similarity to acute appendicitis m most cases In others, tlie clinical 
features have been too confusing to suggest the origin of the peritonitis 
The confusion m the latter group may be due to the rarity of similar 
cases in any one surgeon’s experience To aid in the diagnosis of the 
condition, Melville postulated a theoretic complex consisting of (a) 
cohc, (&) pentonitis and (c) a lower abdominal locus, and expressed 
the belief that many acute cases do approximate this concept 

In a review of the literature, I have collected 20 cases in which a 
toothpick was the source of the trouble and have added 1 case of my 
own In 13 of these cases the trouble was diagnosed as acute appendi- 
citis and m 2 as abscess of the abdominal wall In 1 case the diagnosis 
was peritonitis, and m 4 it was not determined before operation 

The site of perforation in 10 cases was the cecum , m 3 cases, Meckel’s 
diverticulum, and in 2 cases, the duodenum In 1 case the toothpick 
was found free in the peritoneal cavity close to the duodenum, and in a 
case reported by Rivers and Davison ® the point of the toothpick was in 
a duodenal ulcer 6 cm below the pylorus and the other end projected 
into the stomach In 2 cases the perforation was in the ileum, and in a 
case reported by Maxemer,^ of this society, the toothpick was observed 
penetrating a diverticulum of the sigmoid and had caused a pelvic 
abscess In 1 case the toothpick had penetrated the transverse colon, and 
in another, the small intestine and abdominal wall 

In 10 cases an abscess was present In 9 cases there w^as evidence 
of considerable inflammation but no abscess, and in 1 case tlie presence 
of abscess was not mentioned 

In 13 cases the source of the foreign body was unknowm In a case 
reported by Vestal,® a child aged 9 had srvallowed a toothpick w'hile 
drinking a glass of water nine days previously She did not tell her 
parents of this seemingly difficult feat Wallis ® reported a case in w Inch 

5 Melville, C B Perforation of Small Intestine bv Swallowed Foreign 
Bodies, Australian & New Zealand J Surg 10 146-156 (Oct ) 1940 

6 Rivers, A B , and Davison, H L Foreign Bodies in tlie Stomach, Ann. 
Int Med 4 742-751 (Jan ) 1931 

7 Eitel, G D Ingested Foreign Bodies in the Gastro-Intestinal Tract 
Requiring Surgical Remo\al, Minnesota Med 18 52-59 (Jan ) 1935 

8 Vestal, P W Perforation of Cecum bj Foreign Bodies with a Report of 
a Case Simulating AppendiciUs, New England J Med 203 1199-1200 (Dec 11) 
1930 

9 Wallis, T B Perforation of the Cecum b> a Toothpick Case Report. 
J Florida M A 17 127-129 (Sept.) 1930 
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a man was in the habit of using toothpicks after a meal and then falling 
asleep with the toothpick m his mouth His wife usually removed it, 
but if not he would awaken with tlie toothpick still in his mouth Wallis ® 
further stated, “Let me caution you If you are a toothpick user, be 
sure that your wife is faitliful in her duty, or tie a string to your tooth- 
pick when it IS not in use ” This is probably the answer to the safety 
toothpick McChntic said that his patient worked at odd times m a 
restaurant and was in the habit of hurriedly eating three decker sand- 
wiches held together with toothpicks Henderson and Gaston reported 
a case m which the man identified the splinter of wpod as being a part of 
the seasoning used in cooking the spaghetti which he had eaten six hours 
before tlie beginning of his symptoms Zieman stated that his patient 
ate veal birds pinned together with toothpicks and wore upper and 
lower dentures, suggesting the possibility of eating the toothpick without 
feeling it m his mouth In 1 case a “hot dog” pinned together with 
toothpicks was to blame Evans and Hanlon concluded that the 
habit of chewing toothpicks is not only inelegant but dangerous 

All the 20 patients recovered One author noted that the patient 
had a stormy convalescence Three cases were of children and 17 of 
adults The perforating object was identified as a toothpick m 17 cases 
and as wood splinters, similar in size and shape, in-S cases The present 
report adds a case to this small group 

REPORT OF A CASE 

A man, aged 51 registered at the clinic on June 20, 1945, for repair of an 
incisional hernia which had been diagnosed elsewhere He gave no history of pre- 
vious illness Shortly after Thanksgiving Day in 1944 he experienced sharp abdom- 
inal pain Several days later he entered a hospital elsewhere and was observed for 
four days before operation A diagnosis of acute appendiatis was made Explora- 
tion was done through a right rectus incision and the appendix removed He was 
in the hospital a little over two weeks and soon after the operation was fitted with a 
girdle, which he had worn since Later a bulging and buncli were discovered m 
the wound, and he felt that the inasion did not look right He gamed weight 
after the operation, reachmg 220 pounds (99 8 Kg ) , but with diet and medication 
he reduced his weight to 179 pounds (81 2 Kg) , and at the time of his examination 
at the clinic he weighed 190 pounds (86 2 Kg ) He also described a sharp, 
penetrating pain and a sensation of tearing in the scar He had no nausea or 
vomiting He stated that several weeks before entering the hospital the second 

10 McQintic, B S Perforation of Intestines bv Foreign Bodies, Mil 
Surgeon 75 75-78 (Aug ) 1934 

11 Henderson, F F, and Gaston, E A Ingested Foreign Body in the 

Gastrointestinal Tract, Arch Surg 36 66-95 (Jan ) 1938 v 

12 Zieman, S A Perforating Foreign Body of Cecum, U S IJav M Bull 
43 1103-1105 (July) 1943 

13 Evans, R L , and Hanlon, G D Perforation of a Meckel’s Diverfaculum 
bv a Portion of a Toothpick, Guthne Qin Bull 12 102-104 (Jan ) 1943 
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time he had strained himself in lifting and had much pain m the region of the scar, 
resembling the pain of appendicitis He said that it had been necessaiy for him to 
take cathartics to keep his bowels moving Examination revealed a large, healthv- 
appearmg man, about 5 feet 10 inches (178 cm ) in height He had a complete 
upper denture, his lower teeth were fairly good He had a scar on the nght 
shoulder and a recent scar m the lower part of the right rectus muscle, with wide 
separation of the muscles and some bulging, increased with coughing and straining, 
in the upper part of the wound The blood pressure, pulse and temperature were 
within normal limits The unne and the blood chemistry were normal The 
Wassermann reaction of the blood was negative The blood counts were normal, 
showing a leukocyte count of onlv 7,600 and no change in the differential count. 
Pam and soreness in the wound were so defimte and had been so prolonged that 
exploration appeared advisable 

Operation was performed on June 23, with the patient under anesthesia induced 
with cyclopropane, oxygen and ether The old scar in the right rectus muscle 
was dissected out through an elliptic incision, and exploration revealed a wide 
separation of the upper layer of fasaa and evidence of a good deal of low grade 
mflammatioiL The sac was opened, and many adhesions were encountered between 
the intestinal coils and the sac After these adhesions were separated, more 
adhesions were observed between the loops of the bowel During the course of the 
manipulation an object was noted in the bowel which tented it up and almost 
protruded through it After further separation of the adhesions, the intestine was 
opened transversely and an object inches (7 cm ) long, in the shape of a tootli- 
pick, was removed This object had perforated posteriorly into the mesentery and 
worked back and forth in this loop of ileum, possibly perforating the abdominal 
wall at several points, at least the heavy scar tissue indicated that this might have 
occurred The opening of the intestine was closed additional adhesions were 
separated, S Gm of sulfanilamide was placed in the peritoneal cavntj , the muscle 
was dissected out, and the wound was closed, using chromic surgical gut sutures in 
the peritoneum, and interrupted wire sutures in the fasaal lavers, the suture line 
being reenforced with continuous fascial stnps previouslv taken from the right 
thigh and laced back and forth after the method of Gallie The subcutaneous laj cr 
was closed with interrupted cotton sutures and the skin with clips The patient 
made a rather rapid and uneventful recovery and was dismissed from the hospital 
on July 5 When he was seen a month later, he appeared to have an excellent 
result and was free from symptoms 

How he acquired this troublesome item in his diet he was not certain He did 
not use toothpicks in the usual way, for he had artificial dentures He revealed 
that he had been accustomed to eat club sandwnches in the past and admitted that 
It was entirely possible tliat he mav have ingested this toothpick with the sandwich 
inadvertently, not detecting it because the roof of his mouth was protected with 
the denture This explanation seems logical 

COMMENT 

It may be said that accidentally ingested foreign bodies generallv 
cause little trouble, but when they do it is usually because thcv arc 
arrested and perforate at one of the angles of the intestinal tract, the 
ileocecal region being by far the most common site Tlie svmptoms 
generally are such that acute appcndiatis or appendical abscess is sus- 
pected The most commonh' used instrument in the mouth, the vv ooden 
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toothpick, appears to be the least common cause of perforation or other 
complications incident to the presence of a foreign body in the intestinal 
tract 

The literature has been reviewed and 20 cases collected in which a 
toothpick, or a splinter of wood similar to a toothpick, was the cause of 
perforation or other complications in the mtestmal tract (table) The 
data are analyzed m the following tabulation 


Diagnosis 

Acute apiwndlcitls 13 

Abscess In the abdominal wall 2 

Peritonitis 1 

Undetermined 4 

20 

Perforation 

Oecum 10 

Meckel’s diverticulum 3 

Duodenum 2 

naum 2 

Diverticulum of the sigmoid 1 

Transverse colon 1 

Intestine and abdominal wall 1 

20 

Abscess 

Present 10 

Absent 0 

Unstated * 1 

20 

Source of foreign body 

Unknown 13 

Drank In glass of water 1 

Fell asleep with toothpick In mouth 1 

Three decker sandwich 1 

Spaghetti seasoning 1 

Veal birds » 1 

Hot dog 1 

Chewing toothpicks 1 


20 


SUMMARY OF CASES FROM THE LITERATURE 

In 1926 Ginzburg and Beller ^ reported the case (case 4 in their 
senes) of a man aged 40 witli a diagnosis of acute appendicitis with 
abscess The operation revealed a normal appendix and a retrocohc 
abscess, with a fragment of toothpick 1 inch (2 5 cm ) long perforating 
the postenor wall of the upper part of the cecum and lying outside of 
the lumen The perforation was closed and drained, and the patient 
recovered 

In 1930 Durman and Belz reported the case of a woman aged 48 
with pain of six months’ duration m the left side of the abdomen 

14 Durman, C D , and Belz, F Abscess from Swallowed Toothpick, J A 
M A 94 1830 (June 7) 1930 
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Exploration revealed an abscess m the abdominal wall, with a toothpick 
4 cm long in the center of it The patient could not recall swallowing 
the object 

The same year Vestal ® reported the case of a white girl aged 9, 
who was admitted to the hospital with a diagnosis of acute appendicitis , 
onset was with mild pain three days before and severe abdominal pain 
and nausea two days before Examination showed slight tenderness 
and muscular spasm in the right lower abdominal quadrant, and an 
indefinite mass was made out in tlie region of the appendix The leuko- 
cyte count was 18,000, with 82 per cent polymorphonuclear leukocytes 
A preoperative diagnosis of acute appendicitis with probable perforation 
and abscess formation was made Operation revealed an abscess in the 
right lower quadrant of the abdomen, and resting on the floor of the 
cavity of the abscess was a slender, pale yellow piece of material, which 
on further examination proved to be an ordinary wooden toothpick 
It had perforated the cecum on the anterior lateral aspect at a level with, 
and almost opposite, the ileocecal valve It had penetrated through the 
intestinal wall only part of its length and was unbroken except for a 
slight “greenstick fracture” near its perforating end The perforation 
was closed, the appendix removed and the abscess cavity drained, and 
the patient made a satisfactory recovery After operation the child 
remembered having swallowed the toothpick while drinking water about 
nine days prior to her admission to the hospital This case is one of 
the few m which the patient had any recollection of having swallowed the 
toothpick 

Wallis,® m 1930, reported the case of a man who was taken with a 
knifelike pain in the right side, the pain coming on in paroxysms, lasting 
a few minutes, then going away and recuinng again Two days after 
the first attack he was again seized with severe paroyxsms of pain accom- 
panied with nausea He was transported 4 miles (64 kilometers) to a 
physician, and a diagnosis of appendicitis was made He was given 
gram (0 032 Gm ) of morphine and then taken 78 miles 
(126 5 kilometers), by automobile, to a hospital On arrival he was in 
great pain The right rectus muscle was tense and rigid, and the point 
of maximum tenderness was halfway between the anterior superior 
spine and the umbilicus The leukocyte count was 16,000, and a diag- 
nosis of acute appendicitis with possible rupture was made When the 
abdomen was opened, there was an escape of serosangunieous fluid with 
a fecal odor, and m the region of the ileocecal junction a small, hard 
object the size of a match was to be felt in the abdomen On removal 
from the cavity it was found to be a whole toothpick, round, pointed 
and stained with fecal material At a point on the posterior surface 
of the cecum, about halfway between the ileocecal junction and the 



SNODGRASS— FOREIGN BODIES IN INTESTIK ‘IL TRACT 449 


appendix, was obsen^ed a perforation about the size of a toothpick, ith 
an area of induration around it The opening was dosed, the appendix 
removed and the abdomen dosed with drainage Recover} u as unei ent- 
ful The patient denied having swallowed a toothpick but stated that he 
frequently used toothpicks after a meal and sometimes dropped asleep 
with one in his mouth If Ins wife did not remove it, he n ould find it 
in his mouth on awakening He also occasionally ate sandw iclies v Inch 
were held together with toothpicks Evidently, he either ate the sand- 
wich, including the toothpick, or fell asleep with the toothpick m Ins 
moutli and swallowed it while sleeping Wallis “ pcinted out three points 
of interest (a) the danger of using toothpicks in making sandwiches, 
the danger of sleeping with tliem in the mouth and the possibiht} of 
unconsciously swallowing them , (b) the peculiar location of the per- 
foration, which was so closely associated with the appendix that tlie 
condition was diagnosed as ruptured appendix, and (c) the finding of 
the toothpick, which the author, realizing the difficulty frequently encoun- 
tered in removing small foreign bodies from other locations in the body, 
regarded as a matter of luck and not skill 

In the same year McLanahan reported the case of a man aged 44 
who entered the hospital stating that on the previous day he first noted 
a dull pain m the right side of the abdomen At times it was increased 
in intensity, wth extreme tenderness in the right low'er quadrant and a 
moderate degree of muscle spasm A tentative diagnosis of appendicitis 
was made Operation revealed a foreign body wnthin the lumen of the 
cecum Evidence of a small abscess w^as seen along the lateral wall of 
the cecum, with a small perforation leading into the abscess, and pro- 
jecting through the hole w'as a small foreign body wdiich proved to be 
a toothpick Drainage and recovery followed The patient had no recol- 
lection of sw'allowmg the foreign body 

In 1931 Rivers and Davison® reported the case of a voung wonnn 
(case 8 in their series) who came to the clinic because of inusea \omit- 
mg and pain, with exacerbations of severe pain m the right lower 
abdominal quadrant Soreness and pain occasionally radiated through 
to tlie back Twm years later the patient retunied to tlie clinic com- 
plaining of spells of vomiting, regurgitation of greenish jellow, bitter 
fluid, and sometimes particles of undigested food, before and after meals 
Dizziness ahvays preceded aomiting Menstniation made the ^onlItlng 
w'orse The function of the bowel was normal and the appetite good 
Before vomiting the patient would ha\e a sharp, k-nifchke pain in the 
left side She thought she noticed some jaundice alter eoniiting The 

IS McLanahan, S Perforation of the Cecum b% a Toothpick Sinii latmc 
\cute Appendicitis TAM ^ 95 1424 (Xov 8) 1^30 



450 


ARCHIVES OF SURGERY 


pain was indefinitely situated Exploration revealed a perforated duo- 
denal ulcer about 4 cm in diameter It was buried m adhesions and 
was situated about 6 cm below the pylorus, one point of a wooden 
toothpick was m the ulcer, and the other projected into the stomach 
The upper part of the abdomen was filled with adhesions Chronic 
appendicitis was present 

In 1934, McQintic reviewed the literature and reported an addi- 
tional case, that of a soldier aged 34 who was admitted to a station 
hospital complaining of abdominal pain He had been m good health 
up to noon of the preceding day, at which time he was seized with 
severe pain across the lower part of the abdomen Two hours later he 
took an effervescent saline cathartic His bowels moved, and after this 
the abdominal pain became severer and was localized in the right lover 
quadrant There was no nausea or vomiting at any time The diag- 
nosis was acute appendicitis, and the patient was sent to the hospital 
by ambulance The abdomen showed mild localized tenderness under 
deep pressure over McBurney’s point There was no rigidity or rebound 
tenderness The leukocyte count was 12,400 Because of the mild 
symptoms and the relief afforded by an enema, the operation was post- 
poned for further observation The next day the tenderness increased, 
was constant and was definitely localized The preoperative diagnosis 
of acute appendicitis was made Operation showed that the appendix 
was lateral to the cecum and attaclied throughout its full length by 
adhesions Plastic lymph covered both the appendix and the lateral 
wall of the cecum In this plastic lymph and in the cecum and the 
appendix opposite the ileocecal valve was observed a common vooden 
toothpick The appendix was removed, with the stump inverted Per- 
foration was not observed m tlie appendix or in the cecum The lateral 
wall of the cecum was raw and inflamed The patient made a satis- 
factory recovery, and during convalescence was questioned about the 
toothpick He had no recollection of ever having swallowed one but 
stated that when he was off duty he helped in a relative’s restaurant 
and that frequently during the past year he had eaten three decker 
sandwiches held together with large toothpicks Because of the location 
of the foreign body and tlie absence of a hole m the appendix, the author 
believes that in this case the cecum was the part that was perforated , 
however, the site of perforation was not discovered The patient made 
an uneventful recovery 

In the discussion on Eitel’s paper,’’ Dr S R Maxeiner reported 7 
cases, 1 of which (case 5) was referred for pelvic abscess After an 
acute attack of abdominal pain which m every way resembled that of 
appendicitis, a tentative diagnosis of pelvic abscess due to ruptured 
appendix w'as made However, on opening tbe abdomen the appendix 
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was observed to be normal, and when the abscess was opened a tooth- 
pick was observed to be penetrating a diverticulum of the sigmoid The 
patient made an uneventful recovery 

In 1937 Donavan^® reported the case of a bo} aged 11, on whom 
operation was performed through McBumey’s incision, v ith a diagnosis 
of acute appendicitis A Meckel diverticulum, perforated by a wooden 
splinter (toothpick not specified) was removed 

In 1938 Henderson and Gaston “ stated that between June 1, 1915 
and Oct 1, 1936, 800 cases of foreign bodies in the gastrointestinal tract 
had been observed at the Boston City Hospital , but, because the records 
were unsuitable for study, tins series had to be narrowed down to 105 
in which records could be carefully studied Of tins group, only 2 are 
of interest in this paper, and m these cases a splinter of wood appeared 
to be the offending object A toothpick as a foreign body was not 
definitely identified One case was that an 8 year old school bo} , 
admitted to the hospital with abdominal pain of tw'enty-four hours' 
duration A tender mass was felt just above Poupart’s ligament 
Exploration through a right rectus incision showed a normal appendi\, 
but further exploration revealed a deeply injected piece of small bowel 
through which a wooden splinter had perforated The surrounding 
intestine and mesentery were covered wntli fibrin, but there w^as no pus 
The foreign body was removed through an opening in the bowel and 
was closed with a purse-string suture The patient had an uncicntful 
recovery 

Henderson and Gaston “ also reported the case of a man aged 45 
who entered the hospital complaining of abdominal pain of twenty-four 
hours’ duration He stated that a month previously he had had a period 
of four days m which he had suffered from abdominal cramps and 
diarrhea, which he attnbuted to food Twenty-four hours before this 
he had felt well and had eaten a heart} meal of spaghetti , on the same 
day he was seized with sudden, severe epigastric pain, sharp and slab- 
bing, and not radiating Physical examination showed extreme tender- 
ness m the epigastrium, with spasm of involuntary muscle throughout 
tlie upper portion of tlie abdomen Tenderness was more pronounced 
just to the right of the midhne The leukocyte count was 20 000 
Fluoroscopic examination showed no evidence of pneumoperitoneum 
Operation through an upper right rectus incision re^caled a moderate 
amount of clear serous fluid m tlie peritoneal cawlv \ piece of wood 
V/2 inches (3 8 cm) long w^as seen near the stomach The omentum \ a-; 
adherent to the anterior w'all of the pr lorus, more particularh the first 
portion of the duodenum, and the point of perforation could not lie found 

16 Donaiain, E J Meckel’s Dnerliculuin Perforated b\ Foreipn Bod% ^nn 
Surg lOG 953-954 (No\ ) 1937 
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undoubtedly being under the adherent omentum The wound was closed, 
wth drainage Dunng convalescence the patient identified the small 
splinter of wood as being part of the seasoning used in cooking spaghetti, 
which he had eaten six hours before the onset of his acute symptoms 

In 1940 Melville ® reported the case of a woman who one week before 
consultation had severe pain m the right lower abdominal quadrant 
Castor oil aggravated the pain She had signs of general pentonitis, 
with maximum tenderness in the right lower quadrant and a palpable 
mass m the right iliac fossa Rectal examination revealed maximum 
tenderness m the nght side A right paramedial incision revealed a 
large inflammatory mass in the right iliac fossa The omentum separated 
from this, and a wooden toothpick inches (6 3 cm ) m length was 
noted It had perforated the ileum m two places The perforation was 
closed and tlie pelvis drained, the patient had a stormy convalescence 

In 1941 McManus * reported the case of a man aged 65 who entered 
the hospital with generalized abdommal pain of forty-eight hours’ dura- 
tion Abdominal tenderness was present, rebound tenderness was 
referred to the right lower quadrant, and exquisite tenderness was 
elicited just mesial to McBumey’s point A diagnosis of acute appen- 
dicitis was made Operation revealed induration about the cecum The 
appendix was less injected and was secondarily involved Further 
exploration revealed a walled-oflf perforation of the lateral wall of the 
cecum from which a toothpick was protruding The foreign body was 
removed, and the perforation was closed and drained, when the patient 
recovered, he could not recall swallowing the toothpick 

Barrett and Leader,^^ in 1942, reported the case of a white man who 
entered the hospital complammg of gradually increasing pain in the 
nght lower quadrant and mild diarrhea for the past twenty-four hours 
Physical examination revealed an elevation of temperature of 1 degree 
(F), tenderness and rigidity over the nght lower quadrant and an area of 
spasticity over McBumey’s point The white cell count was 17,000 
Operation revealed that the small intestine and cecum were inflamed, 
and on exposure of the cecum in the region of the terminal portion of the 
ileum there was observed a perforation from a toothpick, one half of which 
protraded into the pentoneal cavity and the other half remained in the 
cecum The perforation was closed, the appendix removed and the 
wound closed with drainage The patient made an uneventful recovery 

In 1943, Goehring^® reported the case of a Negro aged 63 with 
cramphke pain around the umbilicus for a duration of ten days He 

17 Barrett, W D , and Leader, L R Perforation of Cecum by Toothpick 
Case Report and Review of Literature, Harper Hosp Bull 1 120-122 (May) 1942 

18 Goehnng, WO A Case of Toothpick Perforation of the Intestines, Am 
J M Sc. 205 807-808 (June) 1943 
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was treated conser\^atively for four days An abscess the size of a 
grapefruit formed in the lower part of the abdomen and \\as drained 
surgically Twelve days after the patient entered the hospital there 
was still drainage, along with evidence of obstruction of the small bov el 
Operation, performed thirty-six days after admission, re\ ealed a foreign 
body granuloma containing a toothpick, which had first penetrated the 
transverse colon, and the ileum had later become impaled on tlie tooth- 
pick 

In 1943 Zieman reported a case with a rather indefimte history, 
but the patient appeared decidedly ill There was definite muscular 
rigidity over the entire lo\\er part of the abdomen, with rebound tender- 
ness referred to McBurney’s area , fulminating appendicitis v ith probable 
rupture and peritonitis was suspected When the peritoneal caMty was 
entered, serosanguineous fluid welled up into the field The cecum 
was isolated and delivered, followed by an exceptionally long appendix 
The appendix was only slightly injected, but the base of the cecum 
presented mottling of petechial spots, and a scarified, ulcerated lesion 
on the lateral aspect of the cecum was discovered When the colon was 
rotated laterally, a black foreign body was seen perforating the center 
of a similar ulcerated area The object appeared to be a fishbone and 
was firmly adherent to the bow'el, necessitating removal w ith a hemostat 
The appendix was removed, and examination of the foreign bodv later 
revealed it to be a toothpick encrusted wnth fecal deposit Tlic autlior 
stated 

Conjecture as to the possibihtv of a person swallowing, unknow ingK, a full 
length toothpick brought out certain interesting comments Tirst the patient had 
been accustomed to eating a cal birds which were rolled and pinned together witli 
toothpicks The long baking of such morsels ma\ haae softened the worn! 
suffiaently to cause it to lose its resistance That one could swallow such an 
object betrajs the careless mastication of the induidual Howeacr, considering tin 
loss of touch sensation tliat can occur m a patient with upper and lower dciituns n 
IS not only possible, but explanatory, as to tlic present instance 

In 1943 Evans and Hanlon ’’’ reported the case of a man aged 28 who 
entered the hospital three dat s after the onset of pain Pam began in the 
right low'er quadrant and increased in se^erlt^, and on the da\ of admis- 
sion morphine gave only slight relief He had nausea but no \ omitmg He 
had two loose, watery bowel movements on the daj, of admission \ 
medical diagnosis of duodenal ulcer had been made two ^ea^s before 
and treatment gnen The temperature was 101 T Examination 
revealed tenderness over the entire abdomen but the greatest area oi 
tenderness w'as o\er the right lower quadrant Slight rlgldlt^ was 
present throughout the abdomen Penstaltic sounds were dimmi^lud 
Rectal examination re\ ealed tendemess to the right 1 he leiil oc\ tc co mt 
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was 16,400, witli 93 per cent polymorphonuclear leukocytes The preoper- 
ative diagnosis was acute appendicitis On openmg tlie abdomen a small 
amount of cloudy fluid was observed , the appendix was retrocecal , the 
serosal surface was injected, but the gross appearance did not coincide 
with the clinical findings Inspection of the terminal portion of the 
ileum revealed a Meckel diverticulum feet (45 cm ) from the ileo- 
cecal region The diverticulum was ^ inch (1 9 cm ) long and ^ mch 
(16 cm ) m diameter The surface was covered with exudate, and a 
portion of a toothpick was seen to have perforated the diverticulum 
Appendectomy and diverticulectomy were performed, and the patient 
made an uneventful recovery 

From the same article is taken the report of a patient with a per- 
foration of the cecum by a toothpick The patient was operated on in 
the clinic in 1936 by Dr G W Hoff, with recovery The preoperative 
diagnosis also was acute appendicitis Hanlon reported that he had 
attended the presentation of a case by T A Shallow in November 1940 
in which a portion of a toothpick had perforated Meckel’s diverticulum 
after the eatmg of a hot dog the night before To date, tliat is 1943, this 
case had not been reported 

Hurwich,^® m 1944, reported the case of a man aged 47 who was 
admitted to the Veterans Administration Facility at Los Angeles, with 
slight pain m the nght lower quadrant There was no nausea or vomit- 
ing or history of gastrointestinal distress Examination showed extreme 
tenderness in the nght lower quadrant, with rebound tenderness The 
white cell count was 11,200 A diagnosis of acute appendicitis was 
made, and operation was performed soon after his admission The 
peritoneal cavity contained a moderate amount of purulent fluid, which 
was removed by suction The appendix appeared grossly normal A 
long, sharp object was encountered in the nght colic gutter, which on 
delivery proved to be an intact toothpick A small perforation was 
observed about I 34 inches (3 8 cm ) from the ileocecal junction Per- 
foration was closed with drainage , the appendix was removed, and the 
patient made a good recovery The patient was questioned but was 
unable to recall having swallowed a toothpick and stated that he seldom 
used one 

500 West Milwaukee Street 

DISCUSSION 

Db. Erwin R Schmidt, Madison, Wis This paper illustrates well the 
situation that one encounters in the practice of medicine One meets an unusual 
case and, after solving it, looks up the literature and finds that a fairly large number 

19 Hunvich, J J Perforation of Cecum by Toothpick, M Bull Vet Admin 
21 232-233 (Oct) 1944 
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of such cases have been reported over a period of 3 ears Thc 3 arc lost in the 
literature and, unless one has an inquinng mind, will remain lost Textbooks usualh 
present renews of the literature 

The author has emphasized some important points I did not appreciate the 
association of dentures and the swallowing of foreign bodies, but I can rcadiK <!cc 
that the wearing of dentures is a definite factor 

Carp’s work shows that the predilection for certain regions in the gastrointestinal 
tract IS what one would suspect The de\elopment of the lesion ccrtainh must 
be accidental, for all physicians have seen foreign bodies pass through the tract 
with conservative management The detection of arrest of the foreign bod 3 and 
the deselopmcnt of s^mptoms and early pathologic changes often def\ the diagnos- 
tician A scout film in obscure cases will often gne the first ciadcncc if the 
object is radiopaque. The history may or mav not be helpful If positnc it 1 ' 
helpful , if negative, it means notlnng Often the final diagnosis is made at operation 
or after examining the specimen 

The first case of a foreign body I hare in mind was that of a student at 
Washington University, during the davs of prohibition The dai was rather 
hot, and the best beer made in St Louis was Busch’s This fellow had an enormous 
thirst, he had a way of drinking the beer out of the bottle, opening the bottle and 
tipping it up, and he could empty it into his stomach without stopping He had pain 
after he had drunk his beer that day He came to the outpatient department and 
was observed for some time, witliout a diagnosis being made Eicntualh 
someone took a roentgenogram and found that a sewing needle, the tv pc of needle 
used to darn socks, had gone in through the esophagus, had penetrated the wall 01 
the esophagus and was sticking into his heart 

I have a slide from a case reported b\ Dr ■k R Currcri and Dr D W Melick 
(Wisco)isin M J 40 192 [March] 1941), showing the foreign body It was lodged 
in the appendix and was identified by the department of jzoologv as the vertebra of a 
rodent, either that of a squirrel or a rat The patient had never eaten squirrel 
he was not questioned about rat 

The patient gave a histoo of appendectomv for ruptured apjicndix three montlu 
before admission, followed by a persistent draining sinus Uxcision of the fistuloiu 
tract was performed, and an abscess developed, which healed after incision and 
drainage Two weeks later an intestinal obstruction developed and an abscess 
recurred m the right lower quadrant The abscess was drained, and the obstruction 
improved with conservative management Kmc weeks later the patient was 
readmitted with a dull pain in the right lower quadrant During the interval 
another abscess had formed and had been drained An exploratorv laparotnniv 
showed dense adhesions around the terminal loops of the ileum and the proximal 
portion of the large bowel Enmeshed m tlicse adhesions was tlic ipiiendix 
This was removed, and on opening the appendix the vertebra was discovcrcsl 1 iu 
patient made an uneventful rccovcrv 

Dr. Traxos E Clocgh, San Bernardino, Calif The wooden tooihpicl u tlw 
plcbian thing one uses to pick the teeth with The patrician tv pc that we older 
fellows remember was a gold toothpick Uiat slid back and forth in a caw 
Between the patnaan and the plcbian all tvjKs of instruments have bi-en mcl to 
the teeth 

\ few vears ago, a voung woman with acute appendicitis was b-oi ebt n << 
service M hen I opened the abdomen there was the appendix anitsK nd’-r ' 
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sticking up like a sore thumb It felt very hard I could not cut through it with the 
usual technic There was something inside. Finally, I dissected through the wall 
with a sharp kmfe and pulled the appendix of! from a pin 

The story was that the patient had been picking her teeth with a 3 inch (7 5 cm ) 
steel hatpin with a large black head The pin had been swallowed It had gone 
down into tlie intestinal tract and had entered the appendix, point first The head 
was too large to get into the appendix and had staj ed m the intestine I had to open 
the cecum to withdraw tlie big head of the pin The woman made an uneventful 
recovery 

Dr. Thomas J Snodgrass, Janesville, Wis I wish to thank Dr Schmidt 
for his fine discussion and Dr Clough for presenting this interesbng and unusual 
case Dr Qough’s case can be admitted to this group of cases because the foreign 
body, although it was metallic, was being used as a toothpick. 



PRINCIPLES GOVERNING TOTAL GASTRECTOMY 

A Report of Forty-One Coses 
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TN THE progressive evolution of the scope of subtotal gastrcctonij 
J- for cancer of the stomach, total gastrectomy has become a neccssiti m 
the armamentarium of the abdominal surgeon From thd operation of 
pylorectomy by Billroth in 1881 to total gastrectomy the entire historj' 
of modem surgical technic has developed, and \et the pliilosophv and 
approach to the more extensive procedures seem little changed in 
Lahey’s ^ anaylsis of the problem in 1938 “ the operation is to 

be considered only in those cases m which a large part of the stomacli is 
involved, extragastnc metastases, even though they are not visible, and 
the operation is not justifiable if they are visible, are present in prac- 
tically all of the cases In those cases in which tlie malignant lesion 

in the stomach is carcinoma, one cannot reasonably expect to be able to 
accomplish anything more than a prolongation of life but that vith 
reasonable digestive comfort ” 

The operative technic has immeasurablv lmpro^ed in sixti -fi\c \ears 
but the pessimistic and futile point of mcw has remained unchanged 
This does not imply that the operation is ad\ocatcd solelj for palliation 
for tlie risks are too great, but in the face of definite indications, the 
handicaps and hazards must be accepted if progress is to he made in 
increasing the resectability of this most common and insidious cancer 

The key of the problem may be succinctlv expressed b\ a parajihrasc 
of Graham’s - statement of attitude The enthusiasm w Inch the indi- 

Aided by a grant from Mr and Mrc T Ferdinand M iIro\ 

From the Gastnc ScrMCe of the Memorial Hospital for Cancer and \llicd 
Diseases 

1 Lahev, F H Complete Remoaal of the Stomach for \talipnai c\ \sith 
Report of Fne SurgicalK Successful Cases, Surg , G'ncc. &. Ob't C7 21' 223 
1938 

2 Graham, R R Total Gastrectomy for Carcinoma of tl c Sto" '■■h 
Arch Surg 46 907-917 (Juno) 1043 
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vidual surgeon displays for this operative procedure will depend largely 
on his philosophy of life If such philosophy demands that all efforts be 
used to prolong life, even though the effort be accomplished by grave 
immediate risk, and tliough the patient ultimately must die from car- 
cinoma, providing he lives long enough, then such a surgeon must be an 
advocate of total gastrectomy 

We may say that though the purpose of the operation is curative, 
the result may be only palliative 

Kronlem ® conceived the term of total gastrectomy as most definitive 
of the operation for gastric cancer, and stated that it included “only those 
in which both the pylorus and the cardia had been removed, and on 
which examination showed a portion of the esophagus at one end and 
the duodenum at the other end ’’ He stated that the cardiac and pyloric 
ophmcters should be removed In 2 instances of subtotal gastrectomy in 
our senes, the pathologist observed esophageal squamous epithelium and 
duodenal mucosa, but the operations have not been listed as total 
gastrectomies The explanation of this paradox lies m tlie complete 
removal of the lesser gastnc curvature and utilization of the fundus for 
the gastrojejunal anastomosis 

The histoncal development has been detailed in the collective revieu 
by one of us (GT P of the literature up to July 1942, and report of 
the first 20 cases Since the first knoivn total gastrectomy in man, done 
by Conner,® of Cincinnati, in 1884, and the first successful one, by 
Schlatter,® of Switzerland, in 1897, the operation has been more 
enthusiastically extended, so that recent reports reveal graduall}’’ declin- 
ing mortality rates and an increasing number of three and five year 
survivals 

PRINCIPLE OF TOTAL GASTRECTOMY 

If an organ is unessential for life, the growing concept of cancer 
therapy more and more suggests the sacnfice of the entire organ, the 
regional lymph nodes which dram it and the intervening lymphatics 
We do not advocate a discontinuance of subtotal gastrectomy as let 
because m our experience the deaths which have followed this more 

3 Kronlein Ueber die bishengen Erfahrungen bei der radikalen Operation 
des Magencarcinoms (der Magenresektion und der Magenexstirpation) an der 
Zuncher chirurgischen Klinik, Verhandl d deutsch Gesellsch f Chir (pL 2) 
27 49-51 and 184-188, 1898 

4 Pack, G T, and McNeer, G Total Gastrectom^ for Cancer A Collectne 
Review of the Literature and an Original Report of Twenty Cases, Surg , Gynec 
5. Obst 77 265-299, 1943 

5 Conner, P S Report of a Case of Complete Resection of the Stomach, 
M News 45 578, 1884 

6 Schlatter, C Ueber Emahrung und Verdauung nach vollstandiger 
Entfemung des Magens Oesophagoenterostomie beim Menschen, Beitr z klin 
Qiir 19 757-776, 18"7 
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conservative operation have been due to metastases and not to local 
recurrence m the retained gastric segment 

The removal of the stomach and tributar} Ijnnph nodes en bloc is the 
ideal operation for gastnc cancer and is the onlj technic vhich embodies 
the philosophy for excisions of mammaty^ colonic or rectal caranoma 
of epithelial carcinoma of the skin and appendages and of melanoma 
The well planned total gastrectomy is both an excision of the entire 
stomach and dissection en masse of the related lymph nodes The opera- 
tion IS designed to include the greater omentum, the lymphatics and 
nodes along the greater curvature, the nodes of the left gastropancreatic 
fold, the juxtacardiac nodes, the right gastroepiploic nodes, the inlra- 
pylonc and the retropylonc nodes, the lymph nodes of the lesser cun^a- 
ture, the gastrohepatic omentum, the nodes along the celiac axis and the 
nodes m the gastrosplenic hgament, and, if thev cannot be separated 
from the spleen or if there is local extension into the spleen, the spleen 
itself is included, m the en bloc dissection It ma\ e\en be feasible to 
include the peritoneum of the entire lesser sac in the dissection 

DISTRIBUTION OF C\SES 

Thirty-seven stomachs were resected for carcinoma, and 1 for an 
extensive reticulum cell sarcoma Of the three lesions which proud 
to be benign, one was noncancerous linitis plastica probablv on a 
syphilitic basis, and tivo were large benign ulcers high on the lesser 
curvature 

In this group of patients undergoing total gastrcctom\ 12 were 
w'omen and 29 w^ere men The aa'crage age for the women was 53 icar^ 
and 10 months, and for the men, 54) cars and 7 months, with an o\cr all 
average for the 41 patients of 54 )ears and 5 months In the 37 casc'. 
in which resection w-as done for gastric cancer 26 patients were men 
aaeragmg 55 years and 9 months of age, and 11 of the patients were 
women, the aaerage age being 55 vears and 5 months, with an o\cr-alI 
average for the 37 patients of 55 a cars and 8 months The \oniit:c^t 
person in oiir series for wdiom total gastrcctonn was done was a 30 \car 
old Chinese man ‘ The oldest was a 79 a ear old white man 

SIGNS AND SYMPTOMS 

Pam has been the initial complaint of 20 patients There is iiothmi; 
characteristic of tins particular distress, because in some it was relic\td 
b\ food, while in others it was constant and nothing afTorded rtliei 
(table 1) A few complained onh of \aguc discomiort \norc\ia \ a- 
the presenting complaint of 5 and weakness of 4 indigi^tio i was fn'r d 

7 The patient of I leut Col WiHic M \\ mien Mc'icil Crrp 1-1 T 
ation Hospital Arnw of tlio Lnitcd States 
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in 3, vomiting, belching and d 3 ’-sphagia in 2 each, and nausea, loss of 
weight and rapid satiation were the original complaints m 1 each The 
history itself was never indicative of the tj^pe of procedure which would 
be necessary, and only roentgen and gastroscopic examination gave a 
clue as to the extensive operation demanded As was found m the 
collective review of 162 patients for whom information was available, 75 
per cent had symptoms of less than one year, and it was shown that the 
average duration of symptoms was eleven and seven-tenths months, as 
opposed to sixteen months in the senes of patients for whom subtotal 
gastrectomy was indicated In this group 29 of the 41 patients, or 75 6 
per cent, presented symptoms of one year or less The average duration 
of symptoms was eleven and seven-tenths months 


INDICATIONS FOR TOTAL GASTRECTOMY 

1 Location — The first and most important indication is the loca- 
tion and the extension of the disease found at laparotomy If the tumor 


Table 1 — Imtial Svinptoms of Paftents Operated On for Total Gastrectomy 


Total cases 

-41 

Pain 

20 

Anorexia 

5 

Wenlmess 

4 

‘Indigestion” 

S 

Vomiting 

, 2 

Belching 

2 

Dysphagia 

2 

Nausea 

1 

Loss of weight 

1 

Rapid satiation 

1 


Average duration of symptoms U 7 months 
Symptoms of one year or less 29, or 76 6 per cent 


has extended to the cardiac lymph nodes from an onginal lesion in tlie 
pylorus, subtotal gastric resection is of no avail and total gastrectomy is 
the only feasible operation This indication perhaps resolves itself to 
the fact tliat any tumor which cannot be completely removed by subtotal 
resection demands total gastrectomy (fig 1) Postmortem examinations 
of subjects dying of untreated gastric cancer m reported series from the 
time of William Welch to the monographic report by Livingston and 
Pack ® show a constant figure of 20 to 25 per cent of these patients with 
tlie cancer confined to the stomach without even demonstrable micro- 
scopic evidence of metastasis Contraindication to operation in this 
group IS perhaps the debility or poor physical condition of the patient, 
not age alone, as we have performed a total gastrectomy in a 79 year 
old subject 

8 Livingston, E M , and Pack, G T End-Results in the Treatment of 
Gastric Cancer, New York, Paul B Hoeber, Inc., 1939 






Fig 1 — Specimen*; of totil rt'cction of the 'totnach -f (patjcnt A G >, 
pliotognpli of gastric cancer arising along the lesser curvature showing an ulcer 
ated tumor mass, the submucosal extension of the lesion is within I cm of tic 
margin of the cardia D (patient I G ) specimen is opened along grtatir cur. i 
turc and shows a large pohpoid mass occupsing almost all of the Ics tr iir\ iturc 
C (patient M L ), specimen beiore opening which shows infiltratioi n k i i irt' 
the lesser omentum D (patient M L.) specimen has been opcne*l aloa.. tl .• ere tc" 
curvature and shows inNoUcmcnt oi the greater portion of tie stor.c’i 3>-e 
cardia to within 3 cm of the palonis The entire mucosa is hvprtrcp’ 'i - ^ 
congested ZT (patient H M ), pnmars oiverahle retinilum cell ere *"3 

of the stomach \ large shallow nicer ocenpts almost iwn ihin's oi t’ c p ' 

wall along the greater curvature F (patient D S 1 diffuse hmti p’-s* \r <■ 
the thickening of the submucosal laser and the mt ict iiuce'a 

■:61 
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In surgically resected total stomachs, the incidence of nodal metas- 
tases has vaned in different clinics Graham (Toronto General 
Hospital) reported 67 per cent, Lahey (Lahey Clirnc) 87 per cent, 
Waugh and Fahlund (Mayo Chnic), 72 per cent, we (Memorial Hos- 
pital for Cancer and Allied Diseases) have encountered 62 per cent Of 
course this cannot be construed to mean that local extension in itself 
IS suffiaent cause for assuming the added risk of the radical procedure 
Finney and Rienhoff,® in analyzing the cases reported as total gastrec- 
tomies, showed that m removing the last 3 inches (7 6 cm ) of stomach 
left at the cardia the operative risk was much greater — 53 8 per cent of 
67 cases of authentic total resections — ^but in those in which less tlian 
3 cm was left at the cardiac or pyloric end, or both, 75 per cent of 
tlie 55 patients recovered, the mortality rate for the complete procedure 
being more than twice as great as for the radical subtotal gastrectomy 
It therefore appears that when the local extent of the disease demands 


Table 2 — Total Gastrectomy — Location of the Lesion 


Location 

Lumber Percentage 

Total 

41 

100 0 

ProTimal portion ot the stomach— total 

25 

01 0 

Oardla only 

4 


Cardia with extension to the esophagus 

1 


Lesser curvature and cardia 

1 


Proximal one third 

2 


Proximal one half 

8 


Proximal two thirds 

3 


Lesser curvature from pylorus to cardia 

6 


Slldportlon of the stomach 

7 

171 

Almost entire or entire stomach 

9 

219 


greater effort on the part of the surgeon, the patient must also be capable 
of presenting greater resistance to the more formidable procedure if the 
operative mortality does not increase 

The accompanying table shows that m 61 per cent of our patients the 
cancers were situated m the proximal two thirds of the stomach and 
that m only 22 per cent was the entire stomach involved, indicative of 
the fact that these patients could not be afforded any hope by any opera- 
tion short of total gastrectomy (table 2) 

By encompassing lesions of greater extent and unfavorable locality, 
a greater resectability rate will result m greater numbers of three year 
survivals In 1940 Abrahamson and Hmton,’^® m reviewing 444 cases of 
gastnc carcinoma, found that 74, or 28 per cent, were located unfavorably 
for radical resection and that 135 cases showed roentgenologic evi- 
dence of carcinoma involving more than a single portion of the stomach, 

9 Finney, J M T, and Rienhoff, W F, Jr Gastrectomv, Arch Surg 18 
140-162 (Jan, pt 1) 1929 

10 Abrahamson, R H , and Hinton, J W Carcinoma of the Stomach, 
Surg, Gjnec &. Obst 71 135-141, 1940 
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and hence were unfavorable because of the extent of the lesion \\ bile 
the 12 cases in their group 1, those showing iniolvement of tlie esophagus 
by extension, i\ould necessitate transthoracic, transdiaphragmatic 
cardiectomy or total gastrectomy, the remainder might admit of sah age 
by complete gastrectomy despite the marked intragastnc extension of 
the disease 

It has seemed to us that in extending the scope of the operation for 
gastnc cancer, total gastrectomy offers the greatest opportunm to 
salvage more patients with this disease From 1916 through 1945 there 
were 1,117 patients with carcinoma of the stomach cared for at the 
Memorial Hospital, of which number 759 underwent operation A total 
of two hundred and ti\ent 3 '-seien resections hare been performed, or 
m 20 3 per cent of those operated on but if total gastrcctonn had not 
been done, only 191 stomachs would ha\e been resected, or 17 9 per 
cent, a difference of 2 4 per cent The sah age rate w ould be 24 per 
thousand less the anticipated mortalitj of 31 7 per cent This figure 
obtained b)'’ mere!)’’ increasing the scope of the procedure seems far more 
gratifying than the salvage rate obtained even bv mass sur\e>s of 
asymptomatic patients of cancer age as conducted by St John Swenson 
and Harvey Thev found a rate of 1 24 per thousand cases of patient-^ 
over 50 years of age in the surgical outpatient clinic b\ conducting a 
routine gastrointestinal roentgenologic sun^ey B} use of both trans- 
thoracic cardiectomy and total gastrectomj and abdominal total gastrec- 
tomy, a salvage rate of 60 patients per thousand cases lias been effected 
in our series at the Memorial Hospital This seems to indicate the most 
favorable and efficient means of impro\ ing the outlook for cancer of the 
stomach that is ar-ailable today 

2 Liintis plashca — Linitis plastica because of its slow growth witli 
complete involvement of the stomach and often without metastascs is 
always an indication for the radical procedure (fig 2 A) This diagnosis 
was made four times in this present senes, 1 instance was nn infiani 
mat-orj^ tj'pe of Iinitis, possibh of s\plii!itic origin 

3 Lymphosarcoma — Lymphosarcoma, inasmuch as u somctiniL'' i- 
a diffuse infiltrating neoplasm which is often not distinguislicd preop 
eratneh from carcinoma of the stomach, occasional]} requires total 
resection Of course with this diagnosis postoperatne roentgen ilitr- 
ap\ IS definitely indicated as a proplu lactic measure Diffu'-c infil- 
trating sarcomas of the stomach are almost ah a\s h mphnsnreonn 
and grow so rapidh that thee soinctinics do not seem aincnahlc m 
surgical thcrapi This tijac of lesion howeier, when no txtra^i‘^lri 

II Si Tohn r B Swenson P C and IIar\(,\ H D \n Fs,* n * 
tlie n<arh Diaimosis of Gastric Carcinoma Ann Surp 119 22' 2^1 
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extension can be demonstrated, demands exploration to deteiTnine 
the feasibility of total gastrectomy 

4 Malignant Leiomyoma or Leiomyosarcoma — Malignant leiomy- 
oma or leiomyosarcoma is another tumor which may require total 
gastrectomy because the lesion grows rapidly and attains large size, but 
this tumor is usually well circumscribed and easily extirpated 

5 Multiple Polyposis, Diffuse Polyposis en Nappe or Polypous 
Gastritis — Multiple polyposis, diffuse polyposis en nappe or polypous 
gastritis may occasionally justify a radical resection, depending on the 
extent of the disease If any involved part of the stomach is allowed to 
remain in these cases, the danger from hemorrhage or development of 
cancer may be as great as if a subtotal resection were not done 



Fig 2 — A (patient D S ), photomicrograph through muscular wall of the 
stomach involved by linitis plastica, showing the diffuse extension of the tumor 
process between muscle bundles X approximately 185 (The gross specimen is 
shown in fig 1 F ) B (patient G W ), photomicrograph of specimen of fungating 
tumor showing an adenoma malignum, grade II This tumor extended to less 
than 1 cm from the line of resection (a roentgenogram of the patient is shown 
in fig 4 A) The patient was living witliout evidence of recurrence when last 
examined, forty-three months after operation X approximately 185 


6 Gastric Ulcer High on the Lesser Curvature — Gastric ulcer high 
on the lesser curvature, which even after exploration appears to be car- 
cinomatous, may demand total gastrectomy on the clinical assumption 
of its malignancy In a patient of our series, the ulcer was thought to 
be carcinomatous but proved to be a benign peptic ulcer high on the 
lesser curvature Another gastric ulcer, properly diagnosed as benign 
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before operation, required total gastrectomy to remove the adjacent 
inflamed stomach wall (fig 3) Jones and Kehm reported that m 
their 10 patients, 2 were subjected to this radical procedure because of 
penetrating ulcers high m the cardia which were intractable under 
medical management, while five of the seventy-seven total gastrectomies 
in the Mayo Clinic series were performed for benign ulcers, which were 
impossible to tell from malignant ulcers Abdominal cardiectomy or 
resection of the proximal half or more of the stomach with a subdia- 
phragmatic esophagogastrostomj'- is sometimes feasible We have done 
this on a few occasions , the variety of subtotal gastrectomy would seem 
preferable to total gastrectomy, especially m the case of benign lesions 

Certain technical indications must obtain 1 The lesion must be 
confined to the stomach, tributary nodes and immediate perigastric 
tissues, and no distant metastases should be present 2 There must be 
sufficient mobile esophagus above the lesion to allow at least 3 cm of 
clear margin beyond the apparent limit of involvement and enough added 
esophagus for the anastomosis after this resection We concur with de 
Amesti who quotes Verbruggen’s work which shows intramural 
extension 3 to 4 cm beyond the gross limits of the tumor in 40 operative 
specimens Accordingly, he believes that there should be at least 3 cm 
of free margin above the resection One of our patients, m whom the 
pathologist reported submucosal extension of a grade III gelatinous 
cancer at the line of esophageal section, lived two years following trans- 
tlioracic total gastrectomy Another patient with an adenoma mahgnum, 
grade II, which extended to less than 1 cm from the line of resection, 
was alive without evidence of recurrence when last examined, forty-tliree 
months after operation (fig 2 5) 3 Although the madence m which 

involvement does not extend beyond the stomach into the pengastric 
lymph nodes vanes from 13 to 38 per cent m different groups, it does 
not follow that this alone determines resectability, because the patient 
must be at least a fair operative risk to withstand the procedure 

ROENTGENOGRAPHY AND GASTROSCOPY 

Fluoroscopic examination of the stomach is perhaps the most 
important and easiest means of determining the extent of invasion of the 
tumor, because submucosal involvement of the cardia or pylorus may be 
revealed by alteration of motility and rugal pattern that is not apparent 

12 Jones, T E, and Kehm, R W Total Gastrectomy, Surg, G>nec & Obst 
80 S34-S38, 1945 

13 Waugh, J M , and Fahlund, G T R Total Gastrectomy, S Clin North 
America 25 903-917, 1945 

14 de Amesti, F Total Gastrectom\ for Cancer, Ann Surg H7 183-190, 
1943 
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on roentgenograms Roentgenologic evamination usualh rcicals the 
extent and type of the lesion (fig 4), but esophagoscop\ maj be neces- 
sary to determine the upward imoKement ot the cardia and esophagus 
If esophagoscopy shoi\ s extension beyond the stomach, then transtlioracic 
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and not abdominal, exploration is in order If roentgenologic studies 
sho\i freedom of the cardia, the t\-pe of lesion can be determined ith the 
flexible gastroscope 

PREOPERATR^ CARE 

These patients are hospitalized at least five dai s before operation for 
complete e\-aluation of their ph3'^sical status Medical consultation 
determines whether the patient’s cardiovascular system -will tolerate tlie 
risk A low residue, high protein diet is forced, if possible, and if it is 
not tolerated, the same nutrition is incorporated in a liquid diet The 
red cell count and hemoglobin level are restored with transfusions, as 
well as depleted serum protein Hard candies and fortified fruit juices 
are forced to replenish depleted hepatic glycogen stores and to mobilize 
hepatic lipids Dail} — and, if there is any obstruction, twice daily — 
gastric aspiration and lavage mth tenth normal hydrochloric acid are 
performed to reduce the bacterial count of the pathogenic organisms 
uniforml}'- present in this tjqie of case The patients are sent to the oper- 
ating room with an ihdu elling nasal Lenne tube 

ANESTHESIA 

The anesthesia of choice in this entire senes, except for transthoracic, 
transdiaphragmatic total gastnc resection has been continuous spinal 
anesthesia It has been attended by uniformly good relaxation in a 
difficult approach A 2 5 per cent solution of pentothal sodium has been 
gnen intrai enously for restlessness and apprehension One operation 
of transtlioraac total gastrectomy was done n itli the patient under ether 
and nitrous oxide-cxj^gen anesthesia mtli controlled breatliing We have 
not used local and splanchnic block as de Amesti and iMcCorkle and 
Silvani advocated Our senes contrasts mth Waugh and Fahlund’s 
series m nhicli intratracheally administered ether vas the agent of 
preference and in which group spinal anesthesia was not used Spinal 
anesthesia has not increased the tendency to shock, as some autiiors 
believe it does, nor has it been too effective in warding off pulmonar}" 
complications, as ive had previousl)’' beliei ed 

OPERATiy’^E TECHNIC 

In only 1 patient has a transthoracic transdiaphrag^natic total 
gastrectom)’- been done If the preoperative roentgenographic and 
gastroscopic studies indicate the necessity for total gastrectomy and if 
the distal esophagus is not im olved the transabdoniinal approach is pre- 
ferred The transtlioracic approach is considered the one of choice if 

IS McCorkle, H J , and Silvani, H L The Technique of Total Gastrectom} 
with Particular Reference to the Use of Local Anesthesia, S Clin North America 
23 1465-1475, 1943 
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there is ebophageal obstruction, ^\llether the tumor is pnman m tlic 
stomach or the esophagus 

In these forty-one total gastric resections, gastrointestinal contimiiti 
was established by esophagojej unostomy m all except 1 case, m which 
esophagoduodenostomy -was done Tlie greater ease with which the 
esophagus is anastomosed to the jejunum, as opposed to the tension 
under which esophagoduodenostomy is effected, has caused us to abandon 
the latter procedure entirely A mortality rate of 40 7 per cent m the 
collected reports in which esophagoduodenostom) was performed as 
opposed to 33 9 per cent of the collected cases of esophagojejunostonn 
indicates a definite superiority of the latter technic 

A nudline incision in the upper part of the abdomen has been the approach 
of choice, with the lower pole of the incision ^cc^l^K just to the left of tlic 
umbilicus if any more exposure is necessarv, though a left paramedian mci‘;ion 
has been used in about an equal number of cases A. routine alidommal exploration 
precedes the decision of rcscctabiht> A definite routine of exploration mii't 
show freedom of extension in se\en regions 1 B\ palpating throiigli the 
foramen of Winslow the hepatoduodenal ligament is palpated for cMdcncc of 
extension or infiltration of tlie cancer toward the portal fissure. 2 The gastro- 
hepatic ligament is broken through to ascertain whether hmplntic extension 
around the celiac axis precludes resection If tlicre is sufiicicnt margin to allow 
even a close division of the origin from the celiac axi', the cclnc hmph nofJcs 
and the origin of the left gastric artcr> can be readily stripped off together 3 
The spleen is visualized to determine the extension of the cancer into the 
gastrosplenic ligament and to determine whether splcnectomj will be necessars in 
order to excise the lesion en bloc 4 The abdominal part of esophagus is palpated 
to determine its mobility and the extension of the cancer past tlic cardia and to 
estimate whether there will be sulTicient Icnglii of esophagus after mobilization 
to effect an anastomosis S Then the posterior wall of the stomach is inspcctcrl 
to detect anj possible c-xtcnsion into the pcnpancrcatic capsule. 6 The sup/'nor 
surface of the trans\crsc mesocolon is examined to ascertain freedom from 
iinasion of the middle colic acsscis 7 Finalh, the cul-dc sac is palpated to 
determine the presence of cancer deposits 

'\fter these maneiuers it still maj be impossible to determine the 
resectabilit} of tlic stomach, and the operator mat hate to procecfl in 
niobili 7 ing the stomach to dctenniiie this fact Until the duodemim is 
transected, an irreaersible decision for proceeding with the ojieration 
does not ha\e to be made because of the extreme vasailarita of the 
stomach and its remarkable Mabilita even .after three of its mur inaior 
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the retropancreaticoduodenal node, the left gastroepiploic nodes and any nodes 
along the gastrosplenic ligament If there is extensive invasion of the ligament it 
may be necessary to include the spleen in the dissection, though we do not employ 
this as a routine procedure 



Fig 5 — Technic of total gastrectomj The duodenum has been transected 
after ligating the right gastnc, the gastroduodenal and the right gastroepiploic 
vessels and after resecting the omentum along the reflection over the transverse 
colon 

When resectability has been established, the duodenum is mobilized and tran- 
sected after ligatibn of the right gastnc, the gastroduodenal and nght gastro- 
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epiploic artenes and ^eins (fig 5) Our choice of closure of the duodenal >;tump 
has been the Parker-Kerr basting stitch technic reenforced with cilk Lcmbcrt 
sutures, although the DePetz mechanism has been used in place of the baiting 
stitch closure in a few instances The peripancrtatic capsule is sutured o\cr the 





Fig 7 — Technic of total gastrectomj , showing retrocolic tj'pe of anastomosis 
The lines of incision into the esophagus and jejunum are shown 


ligated with a suture ligature The left triangular ligament of the liver is se\ered 
so that the left lobe of the liver can be retracted medially to afford a better 
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exposure of the esophagus At this time peritoneal flaps arc prepared irom the 
diaphragm, both anteriorly and posteriorK to the esophagus then b\ blunt diginl 
dissection the esophagus is mobilized through the hiatu-; oi the diaphracm *^0 tint 
up to 5 cm more esophagus can be brought through the diaphragm tn aid in making 
the anastomosis and relaxing the tension on it 



Jejunum 


Pigr 8 — Technic of total pa'-trextomx \ right angle li'no f ’ t ''' ’ 

reflux of gastric conlente into e'Ophaqu' The third la\er (U jh Mei - rc i‘ ' 

place 
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jejunal loop is created of at least 10 to 15 inches (25 4 to 38 1 cm ) m length 
We do not believe in first affixing the jejunum to the diaphragm before creating 
the anastomosis because vve have found it much easier to place the postenor 
seromuscular-muscular layer of interrupted silk mattress sutures with the jejunum 
at some distance from the esophagus (fig 6) After the sutures have been placed, 
with the attendant good visibility, the jejunum can be slid up to its proper position 



Fig 9 — Technic of total gastrectomy The peritoneal flap is sutured below the 
line of the anastomosis and the lateral jejunojej unostomy has been completed 


and the sutures tied Incisions in both esophaiius and jejunum are then made (fig 7) 
down to the mucosa and a posterior layer of fine chromicized surgical gut is 
placed and tied A continuous mucosal suture of surgical gut is inserted before the 
specimen is resected (fig 8) , the suture is locked, to avoid purse-string con- 
striction of tlie stoma, before the anterior layer is introduced as a Connell 
running suture The remaining anterior lajer of silk sutures is placed and the 
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diaphragmatic flaps then sutured onto a lower le\cl of the jejunum (fig Q) 
Tension on the suture line is relie\cd bj sutunng the afferent and efferent loop"; 
to the diaphragm lateral to the anastomosis 

We now routineU use an indwelling Lc\ine tube to place the anactomo'n at 
complete rest, and at this stage of the operation the anesthetist adianccs the 
tube so that the operator can guide it into the distal lumen of the jejunum for a 
distance of 12 to 16 inches (30 5 to 40 6 cm ) for orojejunal feeding purpo'c' 

In all except 5 of our 41 cases we hate perfonned a jejunojejun- 
ostomy, an incidence of 87 8 per cent While Laliet lias aiiandoncd this 
procedure entirely, it was used in 46 of the 77 cases of Waugh and 
Fahlund Whth the Roscoe Graham technic the suppicmentart 
enteroenterostomv or Braun anastomosis is a neccssitt It is of great 
advantage to have the bile and pancreatic juices m the proximal Iimii 
pass through the anastomosis into the distal loop It also would ap]v.ar 
that this relieves pressure on the duodenal stump in the immediate po-t- 
operative period 

Two Penrose drains arc placed the ends of each on cither side of the an i‘'tonio‘-is 
and brought out through the superior pole of the incision, 5 to 10 Gni of I'owdcrcd 
sulfanilamide is sprinkled along the line of anastomosis and oecr the duoflcinl 
stump The peritoneum is closed with a contimious suture of clironiinrcd surgical 
gut and the fascia is repaired with interrupted sutiirc' of fine Iilack sfll and \frtical 
mattress sutures of black silk to the skin Cccatisc patients with gastric cancer 
haae been more prone to wound disruption an<l in collected scries of wound dis 
ruptions head all other groups in irieidcncc of wound dchisccncc figure eg cicht 
braided silk retention sutures are routineh used and arc not remoecd until the 
fourteenth postoperatue da\ 'No case of ceisccration has occurred in this si.-ks 
A t the end of the operation n the patients condition permits (unipinc 
(isoamellndrocuprcinc) in oil is injected into the sixth to the cleeciith mtenrstal 
nerecs along the posterior axillare hue a cc for each nerec the procteliire be me 
done on botli sides if the imdlinc incision is u'cd If this procedure is doge tlic 
aital capacita is not impaircel and piilmonare comphcaiions are Ic's T],t t > mcur 

I’dsTnlM UAT1\ I I \U1 

If the patient is in shock at the conclusion oi his operation Ic i trar fet <<! 
dircctl) to his bed m the operating room so that uiinectssare haiidlu e\il! i >i 
aggraante the condition Blood transfusions ha\c been t cd hbcralK it'i at 'ca- 
one to two 500 cc transfusions, caen up to four being given diiriiu ilu m i 

m order to forestall shock Blood or plasma and the Treiidelm'' rj, ti ' -tr 
continued until the blood pre-sure and p ihc are stibih-ed i' t (t ' 1 ' ' 

replacement is giacn with due re'i>cet to Mood eell cot in nd t> ' 1 , t V - ' 
elctcrmincel at taao d la intervals 
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forced respiration, change of position at least every two hours and sitting-up 
posture in bed are routine to encourage adequate respiratory excursion Tracheal 
suction with catheter or bronchoscopic aspiration is used as soon as the pabent 
fails to raise the bronchial secretion himself Formerly sulfonamide drugs were 
roubnely used without appreaable prophylactic benefit Now penicillin, both intra- 
muscularly and, more recently, as aerosol inhalabons, has been used prophylactically, 
but there have not been enough pabents in this bme to evaluate its efficacy in 
preventing pulmonary complicabons 

The patient is forced to dorsiflex his feet and to move his legs to encourage 
the femoral circulation and to prevent postoperative thrombophlebibs Pulmonary 
embolic accidents have not occurred in this series Unless some unusual contra- 
indication exists, the pabent is out of bed and ambulatory within forty-eight 
hours 

Three ounce (89 cc ) feedings of albumin water are given through the indwell- 
ing Levine tube three hours after the patient returns from the operabng room and, 
thereafter, at three hour intervals for the day of the operabon Feedings are 
gp’adually increased from 1,280 calones on the first postoperabve day, by giving 
alternate 4 ounce (118 cc ) feedings of albumin water and peptonized milk, up to 
3,000 calories on the ninth day, by a special formula This contains 118 Gm of 
protein on the last day of feeding, so that this most essential element of post- 
operabve ahmentabon is not slighted Fluids given parenterally are also necessary 
the first three or four days Supplemental polyvitamin therapy is given in the 
tube, with especial attention to vitamin B complex, to ward off gastrointesbnal 
hypomotility 

Jej unostomy has been used m 16 cases, but more recently we have 
not used it Jejunostomy is done in the efferent limb, distal to the Braun 
anastomosis Several of our patients in whom the Levine tube was not 
sutured m the nose have pulled the indwelling tube out so that it was 
necessary to start them on oral feedings, which we have never hesitated 
to do so far as we lack no confidence in thfe security of the anastomosis 
Yet it has never been possible to give the adequate alimentation which 
these patients demand, for despite mtensive preparation to restore 
protein balance, adequate protein reserves for the early restricted post- 
operative course of at least ten days cannot be established in the 
preoperative management Maintaining high protein, as well as calonc, 
intake has been the prime consideration in favonng an indwelling Levine 
tube for ten days postoperatively, though we also feel that enforcing 
physiologic rest at the site of the anastomosis is almost equally important 

In Waugh and Fahlund’s senes of 77 cases, postoperative nutntion 
was maintained by a jejunostomy tube in 54 5 per cent and by a nasal 
tube passing to the distal lumen of the jejunum m 27 3 per cent of the 
_£a6es, while in 18 2 per cent no method of tube feeding was used As 
they compared these three groups they felt that the hospital survival 
rate was roughly the same except that the slightly lower survival rate in 
the patients having jejunostomies could be attributed to the fact that this 
procedure was used in patients who were poorer risks 
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Analysis of our senes has re\ealed a significant factor \\lnch ma^ 
overshadow the advantage of maintaining protein balance with an oro- 
jejunal Levine tube In the 16 cases in winch a jcjuiiostonn has been 
done, there were four operative deaths, onl) one of winch was due 
directly to a pulmonarj' complication, while among the 25 patients who 
had Levine tube feedings there were fi\e deaths It is apparent that the 
irntation from a foreign bod) in the nose and throat ma\ cause consider- 
able nasophar)'ngeal secretion, and with the \oluntar) protectnc splint- 
ing of the phat^'nx possibly depressing the cough reflc\ puhiionar) 
complications may be invited There mav be reason to withdraw the 
tube much earlier than ten days and rel) on a less nourishing routine 
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Of all the pulmonar} complications, both those causing death and those 
comphcating surm-al, there -w ere twenty of pulmonar}^ origin, atelectasis 
being the most frequent Every effort has been made to forestall this 
high morbidity and mortality rate, as v e have described it in our post- 
operative care, but it has been our chief cause of trouble 

Pentonitis and formation of abscesses have been the second most 
serious complications, three deaths (23 1 per cent) hanng occurred 
from tliese causes Tvo patients died of generalized pentonitis, subse- 
quent m 1 patient to extension of a subphrenic abscess , in both patients 
tlie ongin was a fissure at tlie esophagojejunal anastomosis with leakage 
Anotlier death from this source occurred six veeks postoperative!}', 
after tlie patient had been discharged to his home because of his insistence 
on release from the hospital 

The third group of operative deaths could be attributed to cardiac 
tailure The 3 patients, whose deatlis constituted 23 per cent of tlie oper- 
ative deaths, did not have cardiOA ascular s} stems able to withstand the 
increased demand that tins operation places on the heart None of tliese 
patients died in postoperative shock While most patients were sent 
back to tlieir rooms m mild shock, all save 1 responded to supports e 
measures vnthm tlie first six hours 

Anuna subsequent to the hepatorenal s}ndrome vas the cause of 
one death 

NONFATAL COMPLICATIONS 

As in tlie case of operative mortality, pubiionar}' complications are 
the most frequent cause of postoperabi e morbidity The most common 
trouble iras atelectasis, occurnng six times, pneumonia or broncho- 
pneumonia developed nine times, pulmonar}' collapse presented tmce 
and asthma, mediastinal emphysema and pleural effusion v ere diagnosed 
one time each Cardiac conditions were usuall} pnmar}' causes of death 

Of the abdominal complications, one of the most troublesome has 
been formation of fistulas In all tins bas occurred eight times, tliough 
m most instances fistulas haie closed m a few days vhen the Leiine 
tube has been left m place, allowing complete rest of tbe esophago- 
jejunal stoma In 1 patient the fistula caused so much subsequent 
formation of scar tissue that stenosis resulted and a jejunostomv for 
feeding purposes had to be performed In 2 other patients bougienage 
and dilation v ere necessary to rehei e stricture formation The 
remainder healed mthout further complications There were 2 patients 
m whom leaks vere demonstrated vath subsequent localized pentonitis 
these subsequently succumbing to subphrenic abscesses One sub- 
diaphragmatic abscess subsided wthoiit treatment It is therefore 
apparent that tlie technical difficulties consequent to anastomosing a 
vail devoid of serosa is one of the greatest problems in this procedure 
This factor, plus the routine presence of iirulent organisms in gastnc 
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cancer and the necessity of doing open anastomoses to prcscnc the 
already impaired circulation of the distal esophagus, lca\cs as potCiitial 
a field for postoperative infection as is found in anv procedure in 
surgery of the gastrointeshnal tract 

Serious wound infections occurred in 6 cases, a fact which was no! 
unexpected, but there have been no disruptions of wounds One of the 
infections occurred in a patient who died from generalized peritonitis 
In onl)'’ 1 patient was intermittent severe diarrhea a great problem 
It responded to large quantities of dilute hydrochloric acid, as miicli ns 
60 cc being giv’en in divided doses daily through the tube Tins is not 
an uncommon brief and transitory problem during oroycyunal feeding 
and has always responded well to simple omission of llie lactose in the 
formula and the administration of by'drochloric acid by tube 

Significant postoperative hypoproteinemia has occurred nine times 
in this senes, but in only 4 patients was it difficult to correct w ith phsma 
transfusions at frequent interv'als, supplementing the iiigh protein feed- 
ings These particular patients had more severe complications as v cll 
which led to their deaths 

Parotitis and pellagra each occurred one time and responded npidh 
to appropriate treatment 
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gastrectomy does not interfere with digestion of fat It was also shown 
that this failure to absorb fat was in no way related to lack of gastnc 
chyme or to altered motility of the gastrointestinal tract, or to deficiency 
of bile salts 

No consistent anomaly of protein metabolism has been noted, but a 
patient who had a total gastrectomy presented a persistent fecal loss of 
nitrogen well above the average This altered metabolism m this 
patient was related to the amount of dietary protein and also influenced 
by the intake of fat, since there was a greater creatorrhea with increased 
ingestion of fat In 2 patients who had total gastrectomy and m 1 
investigated by Farns, no anomaly of protein metabolism was noted 
Since metabolic studies on this patient with creatorrhea were done one 
year after the operation, in contrast to an interval of almost five years in 
Farns’ case, it may be that the functions of protein metabolism may be 
completely taken over in time by pancreatic trypsin and erepsm of the 
small intestine 

Farris and his colleagues have shown that absorption of glucose 
m totally gastrectomized persons is more rapid than normal and results 
m an early pronounced hyperglycemia which falls rapidly to hypo- 
glycemic levels even by the second hour in glucose tolerance tests, with 
the lowest levels appearing during the third hour, followed by a slow 
recovery to fasting levels during the fourth and fifth hours They 
attributed these changes to alterations in absorption, utilization or rate of 
deposit of glucose, because with intravenous glucose tolerance studies, 
normal curves were obtained They also showed that these pronounced 
hypoglycemic levels manifest during the glucose tolerance tests might be 
the explanation of attacks of weakness, vertigo and palpitation sometimes 
observed following partial gastrectomy Five of our patients with symp- 
toms of this type showed normal glucose tolerance reactions 

Six patients subjected to total gastrectomy were studied with respect 
to the problem of hypoprothrombinemia, and all showed a 22 to 45 
per cent drop from preoperative concentrations It is felt that this 
hypoprothrombinemia which is somewhat refractory to the parenteral 
administration of large amounts of vitamin K is most likely on the basis 
of hepatic dysfunction, and yet this phenomenon does not improve 
rapidly after gastrectomy 

Three patients who had total gastrectomy manifested a moderate 
anemia of the nonnochromic normocytic tjqie , a macrocytic type was not 
seen in any patient Studies indicated that the anemia was nOt due to 
a deficiency of dietary protein, intrinsic or extrinsic factors or destruction 
of blood due to infection Four of Farns’ patients survived longer tlian 
two years, and none showed e^^dence of macrocytic anemia Farris 
and his co-vorkers have noted that in some of their patients a hypo- 
chromic microcjdic anemia of an iron deficiency type developed which 
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responded to ferrous iron taken oik week out of each month 1 hce 
call attention to the fact that the inorganic iron nonnalK contained in 
foodstuffs in the feme form is no lonj^er aeailahlc for aii'-orpimn --nKC 
there is no hjdrogen ion to reduce the feme to the lernnis lonn tor • 
gastrointestinal absorption and that ferrous iron should he uuen to thc^c 
patients one week out of e\cr}’ month 

The ablation of sucli an important organ tlicreiore Ins a \ tried 
affect on metabolic ccononn \\ hile a few jiaticnts undergoing total gas- 
trectomy may gain a little weight their usual failure to do tim n a 
common complaint In great part this ma\ be due to their unbilite to 
conserve fat \\'hether or not this accounts for a consequent loss oi nt- 
soluble vitamins lias not been determined tlioiigh it has iiceii shnv n 
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Fig 10 — Patient EL A , a 64 year old woman, had symptoms of “indigestion’ 
for eight months A, preoperative roentgenogram showing marked contraction of 
the middle third and, to a lesser extent, the upper third of the stomach B, gross 
pathologic specimen after opening it along the greater curvature of the stomach 
Almost the entire stomach is mvolved with tumor which infiltrates the entire 
thickness of the gastnc wall C, photomicrophotograph showing an adenocarcinoma 
of vaned structure from purely glandular to diffuse gelatinous to cellular signet 
pattern. X approximately 195 D, gastrointestinal roentgenogram twenty-seven 
months after operation, showmg smooth contour of the distal part of the esophagus 
and normal mucosal pattern of jejunum 
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more tlian three years, the longest sunnving three years and seven and 
one-half months All these presented no evidence of extension to tnbu- 
tary lymph nodes at the time of operation One patient whose nicer 
was resected has suixnved over three years and four months and has no 
complaints except that after eating a big meal he has a sensation of 
fulness so that he prefers to eat four or five smaller meals per day 

Table S — Cause of Death of Sumwors of Total Gastrectomy 4 Detailed 

Case Reports 


Involve Survival Condition at the Time of 

ment Date of In Last Examination or at 


Patient 

Age 

Sex 

of Nodes 

Operation 

Slonths 

Time of Death 

1 

M B 

59 

SI 

Tea 

8/21/33 

1 5 

Subphrenlc abscess 

2 

D S 

42 

F 

No 

11/ 9/38 

20 

Bone metastases 

6 

J C 

54 

SI 

No 

3/20/40 

17 

Hepatle metastases 

6 

L 8 

02 

F 

Tea 

7/ 2/40 

8 

Recurrence 

7 

A Z 

59 

SI 

No 

8/13/40 

43 5 

Sletastases In hernia and cul de-sac 

8 

P B 

01 

SI 

No 

9/10/40 

10 5 

Hepatic metastases 

10 

F F 

o5 

SI 

No 

7/ 2/41 

42 

Possible recurrence 

11 

F B 

40 

SI 

Tes 

11/ 7/41* 

23 

No Information 

12 

L R 

55 

F 

No 

3/31/42 

235 

No evidence of disease accidental 
death 

14 

E L 

65 

F 

Tea 

5/ 0/42* 

24 

Recurrence near sear 

15 

O W 

40 

F 

No 

5/13/42 

30 

No Information 

20 

E W 

40 

SI 

No 

2/ 1/43 

12 

Recurrence and metastasis to liver at 
nine months postoperatively 

21 

H G 

40 

SI 

Tea 

2/ 3/43 


Sletastases to liver and pelvic 
deposits 

22 

SI L 

5o 

SI 

Tea 

5/ 5/43 

65 

No Information 

25 

I K. 

42 

F 

Tea 

4/24/44 

10 

Nodule in scar and large pelvic mass 

28 

8 G 

oS 

SI 

Tea 

8/18/44 

9 

Epigastric masses and deposits In 
cnl de sac 

SI 

C 8 

SO 

SI 

Tes 

10/ /44 

3 

Multiple metastases 


* Palliative resection 


Table 6 — Cause of Death of Survivors of Total Gasti cctomy B Sintiinary 



Total 

Nodes 

Nodes Not 

Cause of Death 

Cases 

Involved 

Involved 

Total cases 

17 

9 

8 

Metastases 

8 

4 

4 

Recurrence 

3 

2 

1 

Metastases and recurrfence 

1 


1 

Subphrenlc abscess 

1 

1 


No Information as to condition at time of death 

3 

O 

1 

No evidence of disease, accidental death 

1 


1 

Average survival In months 

17 8 

10 3 

263 


(fig 3) Three piatients are living postoperatively less than six months, 
but all had lymph node metastases and a good prognosis cannot be 
offered to them 

The 17 patients who sunuved the operation, but died subsequently, 
lived an average of eighteen months Of this group there is no infor- 
mation as to the cause of death of 2 and 1 died an accidental death two 
years after her operation The remaining 14 died of their original cancer 

Nine of the patients in uhom extension of the cancer to the regional 
lymph nodes lAas found at the time of operation sunuved an average 
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bacilli The local phjsician induced and maintained pneumothorax Since the 
patient's condition was progressi\ elj becoming worse, he w’as ad\used to \acation 
in Tucson, Anzona, where no improvement was noted At the time of admission 
to tins hospital he was unable to climb a flight of stairs wuthout dyspnea, palpi- 
tation and V ertigo A loss in w eight of 45 pounds (20 4 Kg ) had occurred, and 



Fig I (case 1) — A, this roentgenogram shows marked thickemng of the left 
pleura, a small amount of fluid, narrowing of the left interspaces and elevation 
of the left side of the diaphragm roentgenogram taken five months later shows 
complete expansion of the chest wall C, one >ear later with further clearing of 
pleuntis 

the patient no longer was able to conduct his business as a contractor There was 
no historv of cough or expectoration Examination revealed a marked decrease 
in size of the left side of the chest and no motion on deep inspiration. Vibratory 
phenomena were absent on the involved side. Roentgen rajs (fig I A) showed 
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marked thickemng of the left pleura, a small amount of fluid, narrowing of the 
left mterspaces, and an elevation of the left side of the diaphragm A bronchogram 
did not reveal bronchiectasis or obstruction, and the underlying lung appeared 
to be free of pathologic change 

In view of the negative bacteriologic studies and absence of pulmonarv lesions, 
decortication was earned out on July 20, 1946 The peel or pyogenic scar v'aned 
from to 1 inch (127 to 2 54 cm ) in thickness Some difficulty was encountered 
m its removal, and at several points a small amount of visceral pleura was tom 
The lung expanded readily, but much to our consternation we noted its volume 
was much greater than that of the left thoracic cage Indeed, on complete expan- 
sion the lung herniated well outside of the contracted and fixed chest wall In 
order to mobilize and expand the wall, it was decided to remove the peel from 
the parietal and mediastinal pleura as well This was accomplished, and the 
enlarged pleural space now held the fully expanded lung Postoperatively con- 
tinuous negative suction was applied Convalescence was uneventful, and the 



Fig 2 (case 2) —A, the roentgenogram shows a wide pneumothorax space 
with compression of the underlying lung B, there is complete expansion of the 
lung four weeks after discharge from hospital 


patient was discharged on the twelftli postoperative dav Figure IF a roentgeno- 
gram taken fiv'e months later, shows complete expansion and excellent motion 
of the chest wall In a recent check-up (fig 1C) the patient stated tint he was able 
to carry on all business activities and had regained his nomial weight and strength 
Case 2— A 42 year old white man was admitted to tlie WncoiiMn General 
Hospital on Oct 23, 1946, with a chief complaint of “pus m the chest” He dated 
the onset of his illress to July 23, 1946 when he suffered a thoracic gunshot 
wound, which was followed by a pv ohemothorax Tube drainage and irrigations 
at a local hospital controlled the infection, but the lung became fixed and non- 
expansile At the time of admission the patient did not appear acutcK ill \ tube 
dram was present m the ninth interspace at the posterior axillarv line Thoracic 
signs were compatible with tliose of a pneumothorax on the left side Fluoroscopv 
revealed little if any movement of the left lung on respiration Roentgen rass 
(fig 2 A) demonstrated a wide pneumothorax space with compression < f the iindts 
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Ijmg lung Continuous negative suction was unsuccessful in expanding the lung 
On No\ 20, 1946, four months after the inibal trauma, decortication was per- 
formed A cleavage plane between the pyogenic membrane and the lung w'as 
readily found and the peel remoied from the \usceral and parietal pleuras The 
lung ivas completely expanded and the chest closed. Continuous intrapleural nega- 
tu e suction of — 14 cm of water was maintained for three days The postoperative 
course w as une\ entful, and the patient was discharged ten daj s after his operation 
Figure 2B shows complete expansion of the lung four weeks after discliarge 

The goal of an ideal surgical procedure is to correct adequately the 
pathologic condition but at the same time to maintain normal function and 
anatomic relationships Thoracoplasty achieves the first objective but 
fails completely in fulfilling the remainder When successful, decortica- 
tion preserves the chest wall and permits a physiologic restoration of 
pulmonary funcbon Therefore, m the treatment of acute and chronic 
pleural effusions, decortication would appear as the operation of choice 
The only exception would be a certain group of tuberculous empyemas, 
which will be discussed later 

Our 2 cases presented two problems not ordinarily seen in acute or 
early cases of mexpansile lungs In chronic effusions it is necessary to 
remove the parietal, mediastinal and possibly the diaphragmatic pleuras 
as well as the visceral pleura Nature in attempting to obliterate the 
pleural space shingles the nbs on one another, draws the mediastinum 
to the involved side, elevates the diaphragm and splints tlie thoracic cage 
by the application of a heavy scar on the panetal pleura These com- 
pensatory clianges produce (1) a small pleural space and (2) a fixed, 
functionless chest wall The restoration of a normal anatomic relation- 
ship and function can be accomplished only by the removal of tlie 
binding scar from the thoraac cage 

These 2 cases demonstrate a relationship between ease of dis- 
section and the chroniaty of infection In the second case, of four 
months’ duration, tlie cleavage plane was readily found and the pyogenic 
membrane removed ivithout undue trouble In the first case tlie effusion 
was of seven months’ duration, and the membrane and visceral pleura 
were difficult to separate at lanous points because of their intimate 
attachment The pleura was tom at these points, and air leaked on 
full expansion It is imperative in such instances to maintain full 
expansion by continuous negative suction Failure to do tins may result 
in pulmonar)'^ collapse and recurrence of the onginal lesion 

Besides chromaty of the effusion, the type of mflammatory exudate 
mai influence the amount and extent of adherence of the inflammatoiy 
membrane In effusions in which polymorphonuclear exudation pre- 
dominates, fibnn IS deposited on tlie pleura There is later replacement 
b} fibrous tissue although the fibnn is lysed by fibnnolysins released by 
destroyed poh morph oniicl ear white blood cells This action may aid 
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in maintaining a cleavage plane between the lung and membrane In 
lymphocytic effusions practically no fibnn is laid down, and there is 
formation of fibrous tissue directly on the visceral pleura This may 
be the reason why there is greater difficulty in obtaining and maintaining 
a cleavage plane in this type of infection 

Previously we mentioned the possible application of decortication 
m tuberculous empyema This type of effusion introduces the added 
factor of pulmonary tuberculosis, which must be considered before this 
surgical procedure can be entertained It is important to know the 
extent of pathologic change in the underlying pulmonary tissue and 
bronchi Obviously, if both lobes are involved decortication is useless 



Fig 3 (case 3) — A, entire side shows a tuberculous process B, appearance 
after pneumonectomy 


unless it IS followed by immediate complete thoracoplast}' In the 
presence of tuberculous broncliitis or stenosis, reexpansion by decortica- 
tion may reactivate the disease or may produce shifting of the medi- 
astinum with overexpansion of the apparently contralateral lung It 
IS our opinion that decortication for tuberculous empjema tMth non- 
expansile lung should be reserved solely for those cases of disease 
limited to the upper lobe and with no eandcnce of tuberculous bronchitis 
In such cases decortication following thoracoplasty of the upper part 
of the chest would collapse the diseased lobe and retain good function 
in the apparently healthy lobe 

Case 3 — A 22 jear old \\oman rcccntU admitted to tlic Wiicoti'in General 
Hospital best illustrates most of the preceding points Pncumotliorav induced 
in lime 1945 was complicated b\ an effusion and inc\pansilc lunc Effort' to 
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:e>cpand the lung were fruitless Sputum continued to be positive for acid-fast 
rganisms The effusion at no time showed bactena Bronchoscopy shortly after 
Imission demonstrated no evidence of aad-fast bronchitis Ordinanlv, a com- 
ete thoracoplastj would ha\e been our first choice However, in the hope that 
le lesions might be limited to the upper lobe we strongly considered decortication 
id thoracoplast} of the upper part of the chest On receiving her onginal films 
ig 3 A) It was noted that the entire side had been extensively inv'olved in a 
iberculous process Our choice now’ was (1) complete thoracoplasty and aspira- 
ons of the pleural cavitj, (2) decortication, pulmonary reexpansion, and thora- 
iplastj’ or (3) pneumonectomy and complete thoracoplasty Since the effusion 
ever showed organisms, we elected pneumonectomy (fig 3B), which was shortly 
illowed by thoracoplasty In preferring this method of procedure we assumed 
slight risk ol an acid-fast empyema m the residual pleural space m the future 

CONCLUSIONS 

Reexpansion by decortication of chronic nontuberculous inexpansile 
tngs IS feasible 

In chronic effusions it is usually necessary to remove the parietal 
leura and occasionally the mediastinal pleura as well as the visceral 
leura 

Intrapleural continuous negative suction is an important aid in 
lamtammg expansion, particularly if the vnsceral pleura is injured 

The tj’pe of inflammatory exudate may influence the ease with which 
ecortication is performed 

In certain selected cases of tuberculous empyema decortication and 
horacoplasty ould appear to be of value 


ENDOTRACHEAL ANESTHESIA 


MAX S SADOVE, MD 

AHD 

WILLIAM H CASSELS, MD 
CHICAGO 

"IVT ODERN endotracheal anesthesia is a technic in \\ Inch the admm- 
istration of an anesthetic may be facilitated and the patient bene- 
fited b} an artificial extension of the tracheobronchial tree b} means 
of a tube through -v^hich tire patient’s respirator}^ exchange takes place 
Endotracheal tubes are made of matenals such as rubber and plastic 
When in place these tubes create a relati\el} nonobstructable channel 
through which the respirator}' exchange occurs 

Basically, an endotracheal techmc is one m which a tube is passed 
through the mouth (constituting an orotracheal intubation), through 
the nose (constituting a nasotracheal intubation) or tlirough a tracheos- 
tomy operung (constituting a tracheostial intubation) Intubation may 
be performed under direct vision by the use of a lar}'ngoscope or by the 
so-called "blind” technic, the tube being manem ered through the glottis 
b} skilful manipulations Successful intubation requires considerable 
practice and a good knoivledge of the structure and the functions of the 
upper respirator}' passages 

The competent anesthesiologist must be a master of both technics, 
prepared to use whiche\er is indicated m am gi\en situation Tiiere 
are patients in whom pathologic conditions of the mouth or throat 
render Msuahzation of the lat^-nx impossible or extreme!} difficult, and 
blind intubation is essentied Comerseh there are circumstances which 
make direct intubation tlie method of clioice 

If an airtight S}Stem is required, it ma} be achie\ed b} including 
an inflatable rubber cuff around the tube to make tight contact with 
the trachea Similar results ma} be accomplished bi the use ot a pack 
This pack usualh consists of a half inch ( 1 27 cm ) gauze roll which 

Read at the fourth annual meeting of the Central Surgical ^sionatinn Gncaco 
Feb 20 1947 

From the Department of Anesthesiology UnnersiU oi Illinois Colkce o' 
Mcdiane, and the Veterans Administration Hospital, Hine', Illinois 

Published with the permission of the Chief Medical Directo', Departmc"t o^ 
Mcdicmc and Surgerv, Veterans Adminirtration who i^Timc' no rc'^p'^i^ihilni 
for the opinion- expressed and the conclusions drawn h' the author 

4Q3 
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has been impregnated wth liquid petrolatum This gauze is then firmly 
packed around tlie endotracheal tube above the laryngeal orifice This 
seals the pharynx from the respiratory passages, thus preventing foreign 
material from getting into the respiratory passages 

Many advantages are derived from the use of the endotracheal tecli- 
nics, but basically they may be classified m five main groups 

ADVANTAGES OF ENDOTROCHEAL TECHNIC 

1 The first group of advantages are those which result from the 
free and relatively nonobstructable airway 

Many of tlie most distressing difficulties encountered during general 
anesthesia result from respiratory obstruction, due frequently to falling 
back of the tongue or intractable laryngospasm Such complications 
endanger the patient’s welfare and his life They also may seriously 
hamper the surgeon in the performance of an abdominal operation by 
causing straining and exaggerated respiratory movements Endotracheal 
anesthesia obviates these difficulties 

As a result of the tube being placed m the larynx, one has to all 
intents and purposes eliminated the grunting reflex by removing one 
of its components, the adduction of the cords The grunting reflex, 
therefore, will not be seen in patients who are intubated 

One of the original reasons for the development of endotracheal 
anesthesia was to facilitate operations on patients partially obstructed 
by masses encroaching on the respiratory passages As a result of the 
relative nonobstructability of the endotracheal tube, these masses do not 
cause obstruction Thus one creates a clear respiratory passage in 
spite of such lesions as large carcinomas of the tongue, pharynx, thyroid, 
larynx and other organs 

An endotracheal tube may be left in place postoperatively when it 
IS anticipated that swelling will occur under rather firm dressings, with a 
possibility of obstruction of the respiratory passages The tube then 
remains m place until such time as the fear of edema has passed This 
IS applicable in cases in which are performed such procedures as man- 
diblectomy, bilateral radical cervical dissections and similar operations 
in which firm dressings are desirable and in which extensive procedures 
have been performed in the region of the respiratory passages 

The patient who is partially obstructed preoperatively owing to 
masses or edema m the area of the pharynx or larynx may become 
completely obstructed when consciousness is lost as a result of general 
anesthesia. It is, therefore, necessary in some instances to intubate 
these patients under topical anesthesia prior to the commencement of 
general anesthesia Once the tube is in place, this patient has a better 
ain%av than ^\as present before 
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As a preliminary to tracheostomy intubation can relieve the urgency 
of the situation and permit the surgeon to proceed calmly and judiciously 
ivhile the patient remains well oxygenated In some instances of tem- 
porary obstruction, intubation may be substituted for an otherwise 
unavoidable tracheostomy 

V 2 The second group of advantages are those resulting from tlie 
fact that the hands and apparatus of the anesthetist may be removed from 
the head area, leaving the surgeon a clear operative field Thus one 
IS able to do such operations as those on tlie mouth, tongue, palate, jaw 
and face with nothing more than a small rubber tube in some portion 
of the operative field This can be adequately draped so that the 
surgeon may have a relatively sterile field 

3 The third group of advantages are tliose resulting from the ease 
with which control of respiration and artificial respiration may be 
accomplished 

Artificial respiration may be easily accomplished by mere manual 
pressure on the breathing bag or by blowing down the tube The 
possibilities of failure to inflate the lungs due to obstruction or of inflating 
the stomach are avoided 

With endotracheal anesthesia one is able to supplement the respira- 
tion of those who, owing to vanous and sundry factors such as general 
debility, open chest, diseases of the lungs, toxic or drug depression, have 
a diminished respiratory exchange By gentle pressure on the breathing 
bag as these patients inhale one is able to increase the amplitude of the 
inspiration, thus producing better aeration of an otherwise Inpioxic 
patient 

A further development is “controlled respiration,” a method whereby 
spontaneous respirations are eliminated and inflation of the lungs is 
earned out by the anesthesiologist and timed to give the surgeon the 
optimum working conditions 

4 The fourth group of advantages are those that result from the 
elimination of the danger of aspiration of debns, blood, pus and ^ oinitus 

These benefits are important to those who operate on patients uho 
have lesions of the upper respiratory tract and pharjnx In an emer- 
gency case of almost any type there may be a full stomach It is best 
that the food be removed when possible and, in addition, an endotracheal 
tube with a cuff be used so that the ^ omitus n ill not find access to the 
tracheobronchial tree 

Patients with dilated gastrointestinal tracts frequenth rccrurgitate 
some of the contents into the phaiynx without anv ^^slble cMdcncc of 
vomiting This silent lomiting would be extremeh damaijing if the 
vomitus w'ere aspirated Thus again tlie tube w ith tlie cuff cn' cs one 
the assurance of a noncontaminatcd airway 
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5 The fifth group of benefits derived from this technic is tliat 
remo\ al of matenal from the treacheobronchial tree may be accomplished 
^Mth ease by inserting a suction catheter through the tube 

This aspiration may be accomphshed before, during or after the 
operative procedure The patients most frequently requinng this 
broncliial aspiration are those who suffer from such conditions as 
pulmonary abscesses, bronchiectasis, tuberculosis and chronic bronchitis 
In many instances this technic of endobronchial aspiration may be 
used to treat postoperative atelectasis It definitely does not have the 
certainty connected with direct visual bronchoscopic aspiration but is 
m many cases successful It is usually accomplished by passing a tube 
with the use of topical anesthesia This technic in the hands of those 
skilled in Its use has the advantages of ease and speed of accomplish- 
ment Yet, should this fail, no time should be lost in requesting a 
bronchoscopic aspiration 

DISADVAKTAGES OF TECHNIC 

Endotracheal anesthesia is not without its hazards and dangers 
First among these dangers is trauma The trauma most frequently 
encountered is contusion of the mucosa due to some difficulty in intuba- 
tion It is rarely severe or lasting and usually takes the form of a 
complaint of hoarseness or mild cough for the first day or two post- 
operatively Children are most susceptible to trauma owing to the 
smallness of the laryngeal onfice Another factor of considerable 
importance is that the submucosa is made up of loose areolar tissue which 
easily becomes edematous The danger of edema of the larynx in 
children who have been intubated must be kept m mind, yet it is 
rarel)'^ seen 

Trauma as a result of allowing the tube to remain m place for 
long periods is not frequently encountered In one instance a tube 
remained m place five consecutive days without being changed The 
patient died of other causes and sections of the larynx failed to show any 
evidence of damage other than a slight round cell infiltration 

Bleeding is also seen as a result of attempting this technic Most 
frequently it results from attempts at nasal intubation Bleeding is 
rarely se\ere or prolonged Another danger is that of endobronchial 
intubation as a result of the use of a tube that is too long This will 
result m a massive atelectasis of the side opposite that in which endo- 
bronchial intubation has been performed This complication can quickly 
be corrected by withdrawing the tube 

All of the dangers or hazards enumerated markedly dimmish as the 
skill of the anesthetist increases 
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SUM1IAR\ 

Thus, m summary, one might state that endotracheal anesthesia has 
much to offer the patient, the surgeon and the anesthesiologist This 
technic diminishes many of the dangers ot surgical procedures, facilitates 
the ease iiith iihich the surgeon may operate and renders more easih 
accomplishable the mission of the anesthesiologist, i\hich is the guarding 
of the safety of the patient while at the same time aiding and facilitating 
the surgeon’s activity This technic, good m the hands of the competent 
anesthesiologist, has hazards which increase tremcndoush in the hands 
of the incompetent 



A DOUBLE-LUMENED PLASTIC TUBE FOR 
INTESTINAL INTUBATION 
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DETROIT 

D ecompression of the small bowel by mtestmal intubation is 
non a well established surgical pnnciple Many persons, while 
recognizing the lalue of tins procedure, have expenenced difficulties in 
the passage of the tube beyond the pylorus and in maintaining adequate 
suction It has therefore seemed worth while to develop a type of tube 
M Inch can be more easily passed even in the hands of those using the pro- 
cedure only occasionally A good general discussion of the problems 
associated uith the technic of intestinal intubation has been presented 
by Johnston ^ 

^bbott and J ohnston - in the first article to appear on the use of 
intubation of the small bowel m obstruction, emphasized that “the ideal 
tube should have two lumma, one very large for the aspiration of intes- 
tinal content and one very small for the introducbon of air into the 
balloon ” Other cnteria for the ideal intestinal tube are that it should be 
ficMble enough to follow the contour of the bowel easily yet rigid 
enougli to prevent Linking and not to collapse on suction It must be 
nonloMC, opaque to fluoroscopy and easily introduced into the gastro- 
intestinal tract Vanous types of tubes now on the market have been 
miesligatcd, and none has fulfilled all these requirements Further, these 
tubes are of rubber, and in recent years good tubing has been difficult to 
obtain besides being costly 

Plastic tubing appeared to us to offer certain advantages, and during 
the past two jears we ha\e used vanous tyqies of tubing made from this 
substance The tube presently in use fulfils all the requirements men- 

r rom the surgical scmccs of the Detroit Receiving Hospital and the Wyandotte 
General Hospital and the Department of Surgical Research, Wajme Universit> 
College of Mcdiane 

1 Johnston C G The Technic of Intestinal Intubation, in Nelson Loose 
Leaf Surgcr 3 , New York, Thos Nelson &. Sons, 1927, pp 651-662 

2 Abbott, W O , and Johnston, C G Intubabon Studies of the Human 
Snail Intestine X A Non-Surgical Method of Treabng, Localizing and Diag- 
nosing the Nature of Ob'tructwe lesions, Surg , Gjmec &. Obst 66 691-697 
( \pnl) 103S 
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tioned, withstands boiling without rapid detenoration and has the 
further advantage that intestinal odors are readily remoi ed by washing ^ 
The tubing is made of a plastic, Geon polyrunyl chloride, impregnated 
with a nontoxic radiopaque material The large lumen for suction has 
a bore equivalent to that of a no 16 French tube The wall is slightly 
thinner than that of the Miller-Abbott or the Jutte tubing The smaller 
tube has a lumen which just admits an 18 gage needle The two tubes 
are extruded at once into a double tube unit hav'ing a smooth contour 
The relative size and contour of this tube as compared u ith others gen- 
erally in use are presented in figure 1 With this plastic tube we have 
combined the principle of an inflatable balloon, first suggested by Miller 
and Abbott,* and that of the use of mercurj’’ in this balloon, a pnnciple 
first suggested by Hams ® and Wilkins “ The tube ready for use is 
shown in figure 2 

Several types of intestinal tubes with many modifications have been 
studied since Apnl of 1945 These include (a) the Miller-Abbott 
tube,’’ with and without mercury in the balloon, with the balloon either 
proximal or distal to the end of the tubing, (b) the Johnston tube^ 

© 6 O 

ABC 

Fig 1 — A, cross section of the Miller-Abbott tube B, cross section of the 
Johnston tube C, cross section of the new plastic tube. 

With and without the addition of mercur)’- in the balloon, with the 
balloon proximal or distal to the end of the tubing, (c) the singlc- 
lumened rubber tube with the balloon containing mercur}' leading the 
tube into the bowel , (d) smgle-lumcncd rubber tubes w'lth metal weight"? 
of various size and shapes attached at various distances from the end of 
the tubing, (c) single-lumened tubes with metal weights m tandem 
arrangement attached to the end of the tube, and (/) singlc-luinencd and 
double-lumencd plastic tubing w ith the balloon cither proximal or distal 
to the end of the tube 

3 The plastic compound is imdc b^ the B F Goodrich Qicmical Co^ Oe\c- 
land The tubing is made b^ Tcssnll Phstics, Hnrtford, Conn 

4 Miller, T G, and Abbott W O Intestinal Intuhntion A Pmcticnl 
Technique, Am J M Sc. 187 595-59^ (M^^ ) l^'I 

5 Hams, PI A New Knpid Method of Intubation with the Miller- \b’v)tt 
Tube, JAMA 125 7S4-7S5 (Tuh 15) 1944, correction ib d 12C 71S CVoi IH 
1944 

6 Wilkins, J A Mcrain -Weighted Stomach Tilic, I A M \ 01 o'JS- 
396 (Aug 11) 192a 

7 Abbott .md Tohnsfon - Horns 
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Whenever double-lumened tubing was used, trials -were made both 
with mercur)' and air combined and Avith air alone m the balloon The 
elfect of varying the quantity of mercury was also tested 

Certain difficulties have been encountered during the use of these 
vanous tubes m the treatment of 240 patients wth intestinal obstruction 
Most noticeable \\ as the plugging of the lumen of the Miller- Abbott tube 
by particulate matter This was seen on many occasions and required 
frequent irrigations m order to keep the lumen open The Johnston tube 
takes considerable time to assemble, and the tv\'o tubes when placed 
together seemed unduly large for the average patient’s nares The use of 
vanous solid weights leading the long tube was abandoned because of 
slow and uncertain passage at or just beyond the ligament of Treitz 



Fig 2 — The plastic tube 


Olive or round-shaped weights could be passed through the pylorus 
readily, but frequently the tubing would be advanced ahead of the weight 
m the third portion of the duodenum or in the jejunum, and the dragging 
metal beha\ed much like an anchor 

The efficacy of the double-lumened tube has often been senously 
questioned Our observ'ations have proved beyond a doubt that the 
double-lumened tube is highly preferable to the single-lumened one The 
chief difficult}' with the single-lumened tube with mercury is the inability 
to control it once it has passed into the small bowel Inability to inflate 
the balloon requires that the tube progress almost entirely by the weight 
of the mercur}', because the diameter of the balloon is too small for the 
boMel to obtain adequate purchase for penstalsis In our expenence the 
slowest passage of the single-lumened tube occurred m cases of tre- 
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mendous dilatation of the small bowel, iti which the need for rapid 
decompression was greatest With the double-lumened tube, the balloon 
can be inflated when it reaches distended bowel, and peristalsis rapidly 
carries the larger object fonvard The reason for this will be apparent 

from a study of figure 3 j s t*. 

Several technics for intestinal intubation have been reported it 
should be emphasized that no one type of procedure will adapt itself to 
all patients The patient’s condition frequently dictates caution rather 
than an overzealous effort at manipulation on the fluoroscopic table In 
general, our method for passage of a long tube is as follows After 
instilling a 1 per cent solution of tetracaine hydrochlonde, butacaine 
sulfate or any other mild local anesthetic agent into the nostrils by drops or 
spray, the tube lubricated with petrolatum and with the balloon contain- 
ing 2 cc of mercury is inserted through the nostril wth the patient supine 
\ cun^ed hemostat, stylet, or forceps may be used to aid in this step 




Tig i—-A, distended small bowel with mercury-weighted tube. B, distended 
small bowel with inflated balloon and mercury 


W'lth the mercury m the balloon pulhng the tube into the pharynx, tlie 
patient is instructed to sit up and swallow The tube then drops rapidly 
into the stomach If the patient can safely be transported, the use or a 
fluoroscopic table will greatly facihtate the procedure, as the position 
of the balloon can be checked by fluoroscopy If the tube is passing 
toixard the pylorus, slack is given and the pabent is turned on the ri^ht 
side When the balloon is at the pylorus, the head of the table is elevaL 
m order that the tube may fall into the duodenum When it is in the 
<cco^l„rd portion of the dnodennm, 10 20 cc of air is m,"cfed 

hL"s»SiLL 'rr “r"”- 

671-678 (Dec) 1945 (&) ^bboU. W 0 Ind’f ^ 

Miller- \bboU Tube, Xeu England J Med. 

lohwlon^ (rf) Miller and Abbott. ^3) 1941 (c) 
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into the balloon With tins bulk the tube frequently passes forwan 
rapidly with peristaltic rushes Once in the jejunum, another 20 cc c 
air IS added The tube is then allowed to pass as rapidly as penstalsi 
permits It should be emphasized that constant suction is essential t 
forward progress of the tube, for only as the walls contact the balloo: 
can peristalsis act on it (fig 3) Recently we have been using a suctio: 
pump ° which removes intestinal contents more constantly than th 
Wangensteen suction 

Once progress of the tube is halted, roentgenograms are taken t 
make certain tliat the bowel is completely decompressed After decom 
pression and restoration of the patient to a more normal physiologi 
status, the point of obstruetaon may be localized by means of a sma 
amount of barium injected through the tube 

The procedure as descnbed may have to be varied in the case c 
critically ill patients In these patients the tube may be inserted m th 
admitting room and the patient placed right side down and taken fo 
roentgen examination The usual diagnostic flat plates will also revej 
position of the tube If its direction is satisfactory, suction is attache 
and 2 inches ( 5 cm ) of slack is given every thirty minutes If the tub 
is found to be directed toward the cardia, it is pulled back and the patier 
IS again turned on his nght side Roentgenograms are taken at six hou 
intervals, and as soon as the balloon is m the second or^third portion c 
the duodenum, air is inserted as mentioned before 

From 1938 to 1945 air alone was used in the balloon with th 
double-lumened tube Although a high percentage of tubes were sucqess 
fully passed by this technic,^^ it was frequently necessary to spend Ion; 
periods in the fluoroscopic room with an extremely sick patient No 
only was this difficult for the patient but it also involved considerabl 
exposure to radiation for both patient and surgeon Much manipulatio: 
was necessary and frequently a wire stylet was required to direct th 
tube into the duodenum We beheve that the addition of mercury t' 
the balloon is a distinct advance We have also learned that there i 
considerable advantage in having the balloon beyond the tip of the tube 
since this allows a ivider range of motion for the mercury than does ; 

' 9 Crowley, R. T , and Johnston, C G Physiological Principles in Intcstins 

Obstruction, S Clin North America 26 1427-1439 (Dec ) 1946 

10 Lofstrom, J E , and Noer, R. J The Use of Intestinal Intubation in th 
Localization of Lesions of the Gastro-intestinal Tract, Am J Roentgenol 42 
321-329 (Sept) 1939, The Role of Intestinal Intubation in the Diagnosis an 
Localization of Intestinal Obsrtuction, Radiology 35 546-556 (Nov ) 1940 Golder 
R , Leigh, O C, and Swenson, P C Roentgen-Ray Examination rvith th 
MiIIer-Abbott Tube, ibid 35 521-533 (Nov ) 1940 

11 Johnston, C G Decompression in the Treatment of Intestinal Obstruc 
tion, Surg, GjTiec. S. Obst 70 365-369 (Feb 15) 1940 
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])roxtmaIIy placed balloon The fact that the inflated balloon passed 
rapidly ^vlthout a suction tip proximal to it indicates that there is some 
passage of intestinal contents between the bowel Avail and the balloon 

The new plastic tube has been used in treating 50 patients with 
intestinal obstruction The av crage time for passage from the nose into 
the middle or lower part of the ileum was twenty-four hours This time 
is usually shortened m the more severe cases, but the average remains at 
twenty-four hours because many show so much improvement after 
gastric and duodenal suction that efforts are not extended to advance 
the tube rapidly This tube has been more Satisfactory than any other 
w'hich we have used so far as ease of introduction and effectiv eness and 
rapidity of decompression are concerned To date there has been no 
instance of ulceration of the mucosa even though the tube was in place 
for thirty-five days on one occasion and twenty-three days on another 

Three case reports are cited as typical 

Case 1 — P, a Negro aged 68, entered the hospital with a diagnosis of 
peritonitis of unknown cause. Roentgenograms made with the paUent m supine 
and erect positions revealed severe ileus The double-lumened plastic tube was 
inserted as soon as he arrived on the ward He was given a fluoroscopic exami- 
nation two hours later, and the balloon w’as seen in the third portion of the 
duodenum. It was inflated with 20 cc of air and advanced bejond the ligament 
of Trcitz in but a moment Another 20 cc. of air was injected into the balloon, 
and a roentgenogram made four hours later revealed the tube to be at the ileo- 
cecal junction Subsequent operation revealed a ruptured gallbladder with a 
wallcd-otT abscess The postoperative course was excellent 

Case 2 — J L, a white woman aged 37, was admitted one month after a pclvac 
operation at anotlicr hospital The pulse and blood pressure were unobtainable 
Blood and plasma were administered immediatelv, and the double-lumened plastic 
Inlic was passed Though there were some indications for immediate exploration, 
her general condition would not permit the procedure Response to fluids and 
<!i compression was so remarkable after eight hours that immediate operation no 
longer appeared ncccssarj, After restoration of a more normal fluid and clcctroljde 
balance, loc-aliralion was earned out through the tube One week after her admis- 
sion, operation through a small nght transverse incision was earned out, and a 
band adlicsion found at the prcviouslv localized sue was severed. Her rccovcrv 
vvas uneventful 

Case 3— M B a Negro woman aged 52, entered the hospital with acute dis- 
tention and with a historv of chrome intcstiaal obstruction The blood urea was 
280 mg and the scnini thiondcs 300 mg per hundred cubic centimeters Tlit 
donlilc-Iumcned plastic tube was passed in the ward, and a roentgenogram made 
twelve hours later revealed the tulic to be in the jejunum The balloon was 
then inflated and passed rapidh down the small bov cl With decompression 
aecomphshed and the fluids and clectrolvtcs balanced the site of obstniction vvas 
explored thruugh a low mid-transvcrsc incision eleven davs after admission 
n rente nbv ruction of the small Iwwel was found low in the pelvas which was due 
t' mfl-tnni itnrv adhesions aliout an rid pvosalpmx It was necescarv to resect 
a sr.mut of denm Recovers was complic.attd li\ an infeaion of the wound 
ho-n which she recovered satisfactonU The tibe was vs ell tolerated m this 
P'Mf n fi'r a i'c’-,od of 'hiit\ five davs 
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These cases are typical of the majority in which intestinal intubation 
IS used The tube is occasionally passed preoperatively in elective cases 
such as cases of large incisional hernias and of involvement of the colon, 
in uhich the procedure functions as an ileostomy It is used prophy- 
lactically m many cases of gunshot wounds, strangulated hernias, 
peritonitis and traumatic ileus We have found it to be an all-important 
adjunct not only m maintaining decompression but m allowing an early 
oral intake after the tip has passed the jejunum 

We are cognizant of the fact that the long tube has not had the 
general use it deserves, m large part because of the many difficulties 
encountered m its passage into the intestine The use of mercury com- 
bined with an inflatable balloon obviates much of this difficulty Use of 
this combination of a double-lumened tube with a large lumen for suction 
and a balloon containing both mercury and air should make possible 
successful intestinal intubation m all cases m which decompression is 
indicated even m the hands of those not accustomed to its use 

SUMMARY 

A double-lumened plastic tube with an inflatable balloon containing 
mercury has been presented as a solution to many of the diffiailties 
previously encountered m the procedure of intestinal intubation 

Experience m the use of this tube m SO cases of acute intestinal 
obstruction has demonstrated its efficiency, ease of introduction and 
freedom from untoward complications 

Dr Charles G Johnston and Dr Rudolf J Noer rendered helpful criticism 
during the development of this tube. 
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These cases are typical of the majority in which intestinal intubation 
IS used The tube is occasionally passed preoperatively in elective cases 
such as cases of large incisional hernias and of involvement of the colon, 
m which the procedure functions as an ileostomy It is used prophy- 
lactically in many cases of gunshot w^ounds, strangulated hernias, 
peritonitis and traumatic ileus We have found it to be an all-important 
adjunct not only in maintaining decompression but in allowing an early 
oral intake after the tip has passed the jejunum 

We are cogmzant of the fact that the long tube has not had the 
general use it deserves, in large part because of the many difficulties 
encountered in its passage into the intestine The use of mercury com- 
bined with an inflatable balloon obviates much of this difficulty Use of 
this combination of a double-lumened tube with a large lumen for suction 
and a balloon contaimng both mercury and air should make possible 
successful intestinal intubation m all cases in which decompression is 
indicated even in the hands of those not accustomed to its use 

SUMMARY 

A double-lumened plastic tube with an inflatable balloon containing 
mercury has been presented as a solution to many of the difficulties 
previously encountered m the procedure of intestinal intubation 

Experience in the use of this tube m 50 cases of acute intestinal 
obstruction has demonstrated its efficienc>^ ease of introduction and 
freedom from untoward complications 

Dr Charles G Johnston and Dr Rudolf J Noer rendered helpful criticism 
during the development of this tube 
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U SING hepann as an anlicoagulanl, attempts were made to clear 
the blood stream of toxic substances by transplantation of a kid- 
ney from one animal to another and from one species to another 
1 his work was done in 1933, 1934 and 1935, with moderate success’ 
Tlic objective in this present investigation was to prevent a patient’s 
djing of acute toxemia in such conditions as acute poisoning by mercury 
and phenol, in toxemia of acute infection, such as nephritis or pneu- 
monia, with oliguria or anuria, as well as in acute anuria following 
IiIockI transfusions, administration of cxccssue sulfonamide drugs, 
eclampsia and toxemia of jircgnancy, severe cutaneous burns, induced 
abortions and .acute injurj to ureters and kidncvs from calculous obstruc- 
tionv, reflex or otherwise, or operation 

It ''femed pos'^ible that if the patient could be protected from death 
from toxemia m such conditions, after a time there would be sufficient 
iicoverv in a number of ca'^os vq that thc afTcctcd kidncvs might resume 
function 
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others on this continent but to our knowledge the work has not been 
de\ eloped to a point where it was a pro\ed effective clinical method of 
treatment The one exception is the work of Kolff in Holland We 
were not aware of his work, and onl}' after the war did information 
on his work arrive His monograph gives evidence of his extensive 
treatment of patients, wnth some good clinical results Our efforts 
liaie been going on apparently simultaneously and independently It 
was interesting, therefore, to compare the methods and the material 
used and to note the different avenues followed, which evidenth con- 
1 erge fairly closely tow ard the same goal of end results 

The principal aspects of the artificial kidney are (1) a dialyzing 
membrane which is selective m allowing the passage from the blood 
stream of some substances and not of others, namely, nonprotein nitrogen 
and other toxic substances, (2) a method of circulating the blood through 
this extrinsic system and (3) protection from removal of necessarj^ 
substances from the blood stream 

It w'as after extensive and arduous trials and experiments that we 
finally arnved at the present setup, wdiich works satisfactonlv both 
experimentally and in clinical patients 

The following sunimary includes some of the events w^hich led to 
the development of the apparatus and might be termed the evolution 
of this machine 

1 The first method was the circulation of arterial blood wnth return 
through the venous side through several coils of cellulose acetate tubing 
(sausage casing) bathed in w'ann tap w'ater This tubing was 1 inch 
(about 2 5 cm) in diameter and presented the primary disadvantage 
of the ratio of volume to surface area Also the size of the tubing 
allow ed too much escape of the animal’s blood before there w'as sufficient 
return if a reasonable length of the tubing were used In this w'ay the 
animal really had hemorrhage into the tubing Filling this wnth blood 
beforehand overcame the difficulty 

2 Later, with considerable effort, tubing Yz inch (1 27 cm ) in 
diameter was obtained and with this somewhat better results w^ere 
obtained Later, from the Visking Corporation of Chicago, Y\ inch 
(0 63 cm ) tubing was obtained, and with this fairly satisfacton results 
tould be achieved 

3 With fairlj long sections of this tubing in vitro we were able 
to demonstrate that (fig 1) there was some passage of nonprotem nitro- 
gen substances through this membrane and that the larger protein 
molecules did not pass 

3 Thalhimer, W Artificial Kidnc> and Expcnmcntal Exchange Trans- 
iiision for Reducing A.zotemia, Proc Soc Expcr Biol &. Med 37 641, 1938 

4 KolfT, W J , and Van Noordwijk, J The Artificial Kldnc^ Kampen, 
Holland, J H Kok N V , 1946 
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A To <ltinini‘-Ii the \oIumc ol these Uihes it attempted at first 
to ihe tuhmt: throiiph a scries of wire cells containing the dial\7ing 
lubes 

s \c\t concentric wire c\hnders between which the tubes were 
jnrti\ coinjirts'-td, were used 

6 Then a woo<lcn reel was tried on which the coils could be 
ivmmhlcd fairh quickU T his did not control the \olume satisfactorih 

7 XcNt It was decided to cod the tube around a small platform 
md on each side plastic perforated sheets were applied and bolted 
together to compress the tubing in the coil These were in turn found 
to he unsuitable liccatise of the hulging under the pressure ol the fluid 
in the coil 



) )| 1 — 111 Mini <\iKrmicm on Iiumui blcxKl, si, owing iIil fall of iiongrotein 

nitiDun iliirmi two hours of ,inl\s,v m ihc artificial kidnei (knjrih of tiibinp 
uct (aknit 777 cm )) In the two hours 2 3 Gm of nouprotem nitrogen was 
o iMual \o proteins came ihroueh 

H llun shi^us 111 the plastic jdates were repheeal with woixl and 
thi -1 wtie found to warp 

wire replaced with aluimmim siccl plates which were 
holkil tiqttlui with 1 thin tlefinUe s|aacmg between them This worked 
nioi!irai(!\ wtll hut was fiinlh discanleal lur a icrtieal wire mcsh 
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SOURCE OF BLOOD FOR DIALYSIS 

The next problem to be solved was tliat of a method of circulating 
the blood It was decided tliat using an artery as the propelling force 
had man}^ disadvantages 1 The artery could be used only once If 
further attempts were to be made, another vessel would be required 
2 The pressure m the system was such that there was not a satisfactorj^ 
return of the venous blood by this type of pressure Moreover, the 
animal tended to act as from the result of hemorrhage from artenal 
bleeding 

In all these methods, of course, it is obvious that the animal was 
highly heparinized ® to make sure that there was no clotting or thrombosis 
m the system, at the points of intake or output or in the animal itself 

It was deaded to attempt to develop a system m which the blood 
could be taken from the venous system and then returned through 
another point m the venous system On this basis, blood was taken 
first from femoral veins and then external jugular veins, but it was 
observed that with any pump system which produced suction the 
vessel collapsed and acted as a valve over the tube To overcome this 
difficulty a catheter of fairly large diameter was passed through the 
femoral vessels and into the infenor vena cava or into the right side 
of the cardiac region From tins any quantity of blood could be removed 
by aspiration without any interference or obstruction, and it could be 
returned readily to a vein on the opposite side This seemed to have 
many adi^antages 1 There was no ill effect on the blood pressure 
of the animals, simulating hemorrhage 2 The quantity of blood removed 
could be controlled accurately, which was not the case when an artery 
was used 3 The unoxygenated venous blood ^vas circulated through 
the system, and, therefore, more impunties were available for dialysis 
by this method 4 The blood was not oxygenated, and it was easy to 
add oxygen to it as well as dialyze it during the circulation through 
the system of tubes 

PUMP SYSTEM 

The next problem was in providing a circulating pump system which 
i\ould not damage or crush the blood corpuscles, would not produce 
hemolysis, would ^^ork smoothly and would not become plugged and 
clotted with fibnn 

1 At first, the blood was drawn into a flask, then circulated through the 
dialjzer and then returned to the venous system by gravity 2 Next, a syringe 
piston was used as a pump, with intake and outlet valves on glass seats, but it was 
carlj demonstrated that in spite of a high degree of heparinization, the spinning 
of these \ahes and the passage of the blood through the small apertures tended 
to cause some collection of fibnn and interfere with the function of the system 

5 Murraj, G D W Heparin in Thrombosis and Blood Vessel Surgery, 
Surg, Gjmca 5^ Obst 72 340, 1941 * 



Ml hRA) ~ -iRnnaiL kidxe) sof? 

i A jMniji cfTcct vac u'cd, tnit ihic -^ac otih modcnlch satisfactorj 

J imlU, a j'u nji 'a*, u'cd \\hcrcb\ a rubber tambemr was inflated and 

rkflilctl In ibc action of ibc in'-ton-’-vnngc attadicd to an electric motor Rublicr 
inlaJ c and outlet \aUcs ga'C good effect from the pump, so that smooth circulation 
' ithn^t injuia to bWJ and v ithout clotting and depo'U of fibnn or platelets could 
I>c earned out for man\ hours at a stretch 

I M'UtIMENTS IN INCRC^tSING DIAL'iSIS 

Main efforts were made to increase the rate of diaUsis through 
the mtmlirane 1 1 he best and most olnious war of increasing dial} sis 
V as l)y increasing the length of the tubing med In the experiments 
lengths up to 35 fc'cl (about 1,067 cm ) were used satisfactonly, and 
U would seem possible to increase this length considerablj more wnth 
still more licneficial cfTcct 2 It was thought that b) attempting to 
uducc the atmospheric pressure surrounding the tubing an improaement 
in diahsis might be obtained, but results of these experiments were 
not satisfaclort 3 13} increasing the pressure within the dial}zmg 
tubing it was thought tliat there might be some increase m the dial} sis, 
Init again this requires further stud} to lie certain of the cfTcct 4 Some 
in\( stigation to see whether the work dcscnlicd In McBam and Kistlcr® 
would apph tinder these conditions was earned out Thc} indicated 
lint the use of 6d ]xr cent zinc chloride solution would stabilize thc 
ipcrlurcs m thc membrane and would increase tlic rate of diaKsis 
I'Atcnsuc tests were made with this, which coacred a period of several 
months Figures 2 and 3 show thc results of some oi thc experiments 
witli this tuhiiig It was our conclusion, final!}, that wlulc there was 
some litiicficnl cfTcct in thc rate of dtahsis carK m thc exchange, m 
tin fiinl results there was not i great difTcrcnce It did not seem to be 
t sufiicicnth great difTcrcnce to jusiU} or warrant the cfTort and 
tnwiblt of treating the tubing and for that reason thc method was 
• Ine ittkd and thc untreated tubing was used It was noted m our 
fNjxrnmnts tint thc me of 7inc chloride with adequate washing after- 
w ml <lul not strin tn produce au\ toxic effects ui the animal 
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SOURCE OF BLOOD FOR DIAL\SIS 

le next problem to be solved \\as tliat of a method of circulating 
ood It i\as decided that using an artery as the propelling force 
lan} disad\antages 1 The arterj’’ could be used only once If 
:r attempts \\ere to be made, anotlier vessel would be required 
: pressure m the s) stem was such that there was not a satisfactory 
I of the \enous blood by this type of pressure Moreover, the 
1 tended to act as from the result of hemorrhage from arterial 
ng 

all these methods, of course, it is obvious that the animal was 
■ heparinircd ® to make sure that there was no clotting or thrombosis 
sj stem, at the points of intake or output or in the animal itself 
^\as decided to attempt to develop a system m which the blood 
be taken from the venous system and then returned through 
2 r point in the venous system On this basis, blood was taken 
rom femoral veins and then external jugular veins, but it was 
;ed that with any pump system which produced suebon the 
collapsed and acted as a valve over the tube To overcome this 
;lty a catheter of fairly large diameter was passed through the 
al vessels and into the infenor vena cava or into the right side 
cardiac region From tins any quantity of blood could be removed 
piration without any interference or obstruebon, and it could be 
led readily to a vein on the opposite side This seemed to have 
ad\'antages 1 There was no ill effect on the blood pressure 
animals, simulabng hemorrhage 2 The quantity of blood removed 
be controlled accurately, which was not the case when an artery 
ised 3 The unoxygenated venous blood was circulated through 
>stcm, and, therefore, more impunbes were available for dialysis 
IS method 4 The blood ^\as not oxygenated, and it was easy to 
)X)gen to it as well as dialyze it during the circulation through 
stem of tubes 

PUMP SYSTEM 

lie next problem \\as in providing a circulating pump system which 
1 not damage or cnish the blood corpuscles, would not produce 
Ijsis, A\ould \\ork smoothly and Mould not become plugged and 
d Midi fibnn 

At first the blood was drawn into a flask, then circulated through the 
:r and tlien returned to the venous sjstem by gravitj’’ 2 Next, a syringe 
was used as a pump, wnth intake and outlet valves on glass seats, but it was 
demonstrated that in spite of a high degree of heparinization, the spinning 
sc valves and the passage of the blood through the small apertures tended 
ise some collccUon of fibnn and interfere with the function of the system 

Murrav, G D W Heparin in Thrombosis and Blood Vessel Surgery, 
Gvnec. Ob-^t 72 340, 1941 
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3 rotarj p^inp effect used, but this vas only moderatelj satisfactory 4 
Finally, a pump system -n-as used whereby a rubber tambour vas inflated and 
deflated by the action of the piston-syrmge attached to an electric motor Rubber 
intaFe and outlet valves gave good effect from the pump, so that smooth circulation 
vrftbout injury to blood and without clotting and deposit of fibnn or platelets could 
be earned out for many hoars at a stretch, 

EXPEEIIIEKTS IX IXCREASIXG DIALYSIS 

Man} efforts were made to increase the rate of dial} sis through 
the membrane' 1 The best and most ob\nous v.ay of mcreasing dialysis 
was b}' mcreasmg the length of the tubing used In the experiments 
lengths up to 35 feet (about 1,067 cm ) were used satisfactonly, and 
it would seem possible to increase this length considerably more with 
still more benefiaal effect. 2 It was thought that b} attempting to 
reduce the atmosphenc pressure surrotmding the tubing an improvement 
m dial} SIS might be obtamed, but results of these expenments "were 
not satisfactorv 3 By increasing the pressure vnthin the dialyzing 
tubing It V as thought that there might be some increase in the dial} sis, 
but agam this requires further study to be certain of the effect 4 Some 
investigation to see v hether the work described by McBain and Kistler ® 
vould apply under these conditions was earned out They indicated 
that the use of 64- per cent zinc chlonde solution v ould stabihze the 
apertures m the membrane and vould increase the rate of dialysis 
Extensive tests v ere made with this, which covered a penod of several 
months Figures 2 and 3 show the results of some of the expenments 
with this tubing It vas our conclusion, finally, that while there was 
some beneficial effect in the rate of dialysis early in the exchange, in 
the final results there was not a great difference It did not seem to be 
a suffidentl} great difference to justify or v arrant the effort and 
trouble of treating the tubing, and for that reason the method vas 
discarded and the untreated tubing was used It was noted in our 
exj>enments that the use of zinc chlonde wuth adequate washing after- 
ward did not seem to produce any toxic effects in the animal 

THE DIALYSATE 

The next problem in relation to the protection of the animal against 
the removal of substances vhich are necessary for hfe involved a great 
deal of work and was the most difficult to solve It was observed that 
if an animal’s blood were dialyzed through this machine with a sur- 

6 lIcEair:, J W,, and Kistler, S S Membranes fo- Ultrafatrabon, of Grad- 
uated Fineness Down to Ifolecular Sieves, J Gen. PbysioL 12 187, 1928, Hydration 
of Sucrose m Aqueous SoiuUons, J Fnys Chem. 33.1805, 1929, Ultra nitration 
as a Test fo- Colloid Constituejits ra Aqueous and Xon-iiquecus SoluUcris, ibid. 
25 High Pressure Intrafiltratioii, Tr Faraday’ Soc. 
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rouiuling Imtli ot tap water within fi\e to se\en minutes the animal 
showed striking clinical changes The rate of breathing was accelerated 
to the jioint of Molcnce There were shock and collapse, and the animal 
died within a period of se\en to fifteen minutes 



Fig 2 — Graph showing the relative cfficiencj of tubing treated with zinc 
chloride and untreated tubing in remoting nonprotein nitrogen from human bloorl 
(in Mtro) 



Fig 3 — Graph showing the amount of nonprotcin nitrogen recovered m the 
dnl>':atc when dial>zing urea from an aqueous solution m vitro and the rate of 
tlnh'-is with untreated tubing as compared with tubing treated w'lth zinc chloride. 

We were not certain at this stage whether important substances, 
such as epinephrine pituitrm, insulin heparin and so on, were being 
rtmoted and whether tiie animals were going into shock on this 
account \s the chemical tests for some of these substances are difhcult 


MURRAY— ARTIFICIAL KIDNEY 511 

aiid uncertain, we were not convinced by chemical analysis whether 
such was the case or not However, we arri\ed at our final conclusions 
by the following methods 

Dunng dialysis it was demonstrated that the animal had an 
increasing concentration of hemoglobin (table 1) and that he showed 
evidences of loss of nater It was decided, therefore, to balance the 


Table \ — Results of Dialysis m Vivo in Blood of Dog During Two Hundred and 
Tivcntv Minutes of Perfusion, Using IJ' arm Running Tap IVatcr 
as the Dialysnte 





Nonproteln 


Hemo- 

Sample 



nitrogen, 


globin, 

Number 


Time of Test 

ilg yioo Cc 

Chloride * 

per Cent 

1 

Before dialysis 


40 


91 

£ 

After 40 min 


4S 

602 

95 

3 

After 00 min 


44 



4 

After 130 min 


56 



5 

After 160 min 


00 



0 

After 200 min 

(after! Gm urea given In tra 





venously) 


100 



7 

After 220 mta 

(blood entering artlflclnl kid 





ney) 


64 

464 

105 

8 

After 220 min 

(blood leaving artificial Idd 





ney) 


41 

860 



* There is a continuous fall In the Wood chlorides and a rise ol hemoglobin, Indicating 
a loss of chlorides and of tvater 


Table 2 — Changes in Blood in a Dog After One Hundred and Ninety Minutes cf 
Perfusion with the Arhficinl Kidney 




Blood 





Nonproteln 

Hemo 

Red Blood 

Sample * 


Nitrogen, 

globln. 

Cell 

Number 

Time of Test 

Mg /lOO Cc 

per Cent 

Count 

1 

Before dialysis 

37 

90 

5£ 

2 

Alter 16 min 

40 

70 

6A 

8 

After 70 min 

35 

78 

6 1 

4 

After 180 mlm 

87 

91 

61 

5 

After 190 min (blood leaving artificial kid 





ney) 

42 



6 

Alter 190 min (blood from artery, after con 





tents of dialyzer returned to animal f) 

87 




* The dlalysate was 20 liters of Isotonic solution of sodium chloride 

t With Isotonic solution of sodium chloride as the dlalysate the animal was in good 
condition after one hundred and ninety minutes of dialysis 


dlalysate by surrounding the tubing with some of the normal substances 
in blood, as indicated m Ringer’s solution It was observed that on 
addition senally of each of these substances we could overcome one or 
the other of the difficulties and could carry on a dialysis without having 
these disastrous effects on the animal When the chlondes, calcium, 
magnesium, potassium, sodium, phosphate, carbonate and sugar were 
balanced in turn, we observed that these disastrous effects in the animal 
did not occur (table 2) It was observed in the preparation of our 
dlalysate that with the potassium left out tlie animal suffered ill effects 
and when potassium was added he was protected against these effects 
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Results ^\erc similar with the other salts and sugar Variations in tlie 
pii also caused alarming results It w'as necessar}’^ to add the bicarbonate 
to the solution to preserve the JJn at a level of about 7 3 With the 
dialysate at this pu there w^as no diange in the blood Pa dunng or 
after dial)'sis 

Howc\er, as both quantitabve and qualitative tests for some of 
these chemicals are difficult and unreliable, it w'as difficult or impossible 
to prove the specific effect of the lack of potassium, calcium and so forth, 
altliough the expenmental proof of this seemed to be adequate Finally, 
a bath solution similar to that used by Sehgman was used It contained 
sodium chloride, calcium clilonde, magnesium chloride, potassium chlo- 
ride, sodium hypophosphate, sodium bicarbonate and dextrose m physio- 
logic amounts This solution was w'ell buffered, but required a certain 
care in mixing and autoclaving to prevent precipitation of insoluble 
salts 


Table 3 — Composition of Dialysalc (Eighteen Liters of Perfusion Fluid) 


Ingredient 

Amount, Gm 

RaCL 

144 

CnCls 

IS 

MgCIs 

IS 

IsoHsPOi 

OS 

Dextrose 

270 

KOI 

30 

RoHCOj 

18 0 


TRANSFUSION OF BLOOD 

The next problem W'as the fact that m a smallish or medium-sized 
animal there was so much loss of blood into this machine before any 
was returned that the animal was left with the saline solution in his 
circulating system and all his blood was out in the apparatus before 
an\ was being returned How'ever, this was overcome by filhng the 
machine with suitable blood for the animal When this was done, the 
circulation could be earned on indefinitely without ill effects 

Man} of our earlier expenments were carried on in vitro by circu- 
lating blood and other solutions through the machine and by placinir 
substances in the circulating fluid which could be detected in the 
surrounding dialysate (table 4) Next, in a normal animal, with the 
(hii4 circulating, 4 Gm of urea were injected, and the rate of removal 
of this was determined as indicated in table 1 With the tendency of 
urea to form a closer relationship in the blood of dogs, it was probabl} 
not as fair a test of dialysis as might occur in human beings, in whom 
the urea is separated more readily and is more easily dialyzablc 
Howeicr, this did demonstrate the rate of removal of nonprotein nitrogen 
substances from a normal animal 
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UREMIA IN ANIMALS 

The next problem was to produce azotemia in an animal, so that 
the effectiveness of tlie apparatus could be assessed under these con- 
ditions Bilateral nephrectomy was observed to involve a number of 
uncontrollable factors, and the uremia so produced was so severe and 
assoaated with such poor resistance in the animal that it did not lend 
Itself to these expenments A more gradual onset of uremia was 
desirable and thought to be more comparable to the chmcal disease in 
patients 

The chemical production of oliguria and anuna were mvestigated. 
but no completely selective uncomphcatmg poison which seemed suitable 
was encountered Most of the work done on specific renal damage 
involved the perfusion of the kidney by exposure and cannulation of 
renal vessels 


Table 4 — Changes t»t the Blood and Plasma in a Dog During Two Hours of 
Perfusion by the Artificial Kidney 



Blood 

Nonproteln 

Plasma 


Nitrogen, 

Count, 

Time ol Test and Direction o£ Plow 

Mg /lOO Oc. 

Mg AOOCa 

Alter 20 min , perlnslon, going Into apparatns 

89,5 

410 

Fifteen Grams of Urea In Isotonic Solution 

of Sodium Chloride 

Added 

After 80 mln , going Into apparatus 

166,2 

416 

After 80 mln , coming out of apparatus 

1226 

439 

After 2 hr, going Into apparatus 

After 2 hr coming out of apparatus 

980 

442 

824 

442 


Ligation of ureters was performed on a senes of animals, but sudden 
death, presumably from cardiac arrest as has been descnbed m the 
literature, was so frequent before dialyzation could be earned out that 
many of the animals succumbed Finally, an interesting method of 
produang uremia was employed The ureters were transplanted mto 
the small bowel in the hope that there would be sufficient resorption 
of nonprotein nitrogenous bodies to produce uremia This took place 
m a surprisingly short time, and high levels were reached m three 
or four days, associated with lethargy and diarrhea The ammals, 
however, maintained their intake of food and flmd, which was not the 
case in animals with nephrectomy of ureteral hgation 

The study showed that blood can be circulated outside the body 
and that with a reasonable length of dialyzing tubing moderate amounts 
of nonprotein nitrogen can be removed m short penods from normal 
and uremic anunals, provided that these animals are not monbund or 
in a state of severe arculatory depression The level of nonprotem 
nitrogen in the blood vanes greatly in this state and is a less reliable 
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guide to the cfiicieiiCN ot the dial\?ation than is tlie nonprotem nitrogen 
measurable in the dial\sate remoaed during the test run (fig 4) 

It seemed ohaious from tlie experiments as well as from the efiects 
on patients climcalh that the lea el of nonprotem nitrogen substances 
measured in the blooel gaae onh a jioor indication of tlie eiTcct of such 
dialasis Obaiousla the nonprotem nitrogen substances in the blood 
stream are not produced there, hut arc the aaaste products ■dcliaercd 
to this circulating medium from the tissues in aahich the} are produced 
Tills circulating medium, the blood, has the function of carrjing these 
substances to points avherc thca arc detoxified prepared for excretion 
and finally carried to the kidney aahere thca arc excreted from the 
sastein \\ hiic the level of nonprotem nitrogen substances in the blood 
ma\ be reduced somewhat, the essential point m treatment is to reduce 



1 le 4 — Lea els of noiiprotcin nitrogen in dialjsis oaer a penorl of atinosl taao 
liours in a male dog aaciglnng 37 pounds (16 8 Kg), aaitli ncphrectoina (left 
kidnt) ) and ligation of the right ureter The nonprotem nitrogen recoacred from 
the dialasatc is also siioaan 

tliese and other toxic substances in the aatnl centers and other fixed 
tissues During man} of the experiments and in the clinical runs, 
more nonprotem nitrogen aaas removed than aaas contained in the total 
a Illume of blood m the animal, and still the lead in the blood stream 
was loaacred onla slightl} It aaas obvious, therefore, that there is 
constant drainage of these substances from fixed tissues into the hloorl 
stream one of the functions of aahich is to transport these substances 
tor disposal 

It s(.cmcd of interest, therefore, to investigate this aspect of the 
problem For that purpose ncphrcctoma aaas performed and the non- 
protem nitrogen of the blood and spinal fluid aaas folloavcd as uremia 
deaclopcal m the animal When these figures had reached a high lead 
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m these two fluids, the animal was killed and blocks of tissue were 
immediately frozen and ground up, and estimations of nonprotein nitro 
gen were made on these by Dr Gomall The accompan>ung tables 
and graphs indicate the results When the nonprotem nitrogen in the 
blood reached a certain level, the level in the spinal fluid was above 
this, and the level of the nonprotem nitrogen substances in the tissue 
examined was above that level again This would tend to bear out the 
point already made that the blood is only a medium of collecting and 
washing away for disposal of these substances (figs 5 and 6) 

When, therefore, 12 97 Gm of nonprotem nitrogen substances were 
removed from the patient herein reported and readings of the blood 
show ed only a slight depression of the level of nonprotem nitrogen, it was 



Fig 5 — Graph showing the daily rising of nonprotem nitrogen in the blood 
and spinal fluid m a female dog that weighed IS Kg and had undergone nephrec- 
tomy (left kidney) and ligation of the right ureter On the third day the level in 
the cerebrospinal fluid passed that of the blood The animal was killed on 
the fourth day, and assays of tissue showed nonprotem nitrogen in leg musde 335 
mg per hundred cubic centimeters, cardiac muscle 418 mg and brain tissues 
301 mg The levels in the blood and cerebrospinal fluid were about 250 mg 

obvious that tlie removal was bringing down tlie level of these toxic 
substances m the vital fixed tissues of the patient The proof of this 
was the clinical improvement of the patient, with diminishing signs of 
toxemia even though the nonprotem nitrogen m the blood was still at 
a fairly high level 

From the events observed experimentally and clinically, we think 
it can be assumed fairly certainly that while nonprotem nitrogen sub- 
stance can be removed there are other substances also that are removetl 
by this dial) zing system These substances are probably responsible 
m large part for severe toxemia and ultimately for deatli Proof of 
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this IS the fact that in a normal animal from four to ten times tlie amount 
of urea necessarj to place the nonprotem nitrogen at a high level can 
be gncn without much injurious effect Probably, therefore, there is 
another substance responsible for the toxemia This substance has not 
been isolated and has not been descnbed or analyzed, but this system 
offers an excellent method of approadi to the study of such substances, 
as suggested bj Abel, Rountree and Turner - 

This work represents only early excursions into a field which offers 
great prospects for expansion It might be used therapeutically in the 
waj of removal of toxic substances as well as in the administration of 
substances w’hich may be beneficial to the patient 

Several runs have been made on clinical patients to test the function 
of the apparatus The clinical case which is reported is of considerable 



Fig 6 — Graph showing nonprotem nitrogen levels in the blood and cerebro- 
spinal fluid (250 mg per hundred cubic centimeters) and in leg muscle (345 mg ), 
cardiac muscle (320 mg ) and brain tissue (275 mg ) following bilateral ncphrec- 
tom\ in a male dog that weighed 12 Kg and had undergone nephrectomy (left 
kidnc\ ) and ligation of a ureter (These are prelinunary reports only ) 

significance as regards tlie function and ability of this apparatus to 
perform what was intended of it 

REPORT OF A CASE 

A patient, 26 \cavs of age, following an attempt at induced abortion had anuria 
lor nine dajs During this period the patient was passing about 35 cc. of unne 
daiK and when seen first had uremia She was comatose, was having mild uremic 
coniailsions, was greath edematous and was not passing urine. She was seen by 
the internists, the gjaiecologists and the genitourologists, all of whom agreed that 
the case was uttcrlj hopeless, and, in fact, they had gi\en up treatment except for 
■^ome dnthermj which was being applied through the loins 

On this ninth da> the patient was attached to the artificial kidney b> passing 
a catheter through the caphenous lein into the inferior vena cava on the rudit 
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Fig 7 — Graph from the reported clinical case, showing the clinical course 
preceding, dunng and after dialysis of the blood with the artificial kidney over a 
penod of tiventy-one days in the hospital The shaded vertical bars on the sixth, 
eighth and eleventh days show the periods of dialysis with the artificial kidney 
over a total period of about sixteen hours The fall to normal of the nonprotein 
nitrogen on Feb 3, 1947 is indicated 



water balance again normal 



5IS IRCHH'ES OF SURGERY 

■side and another into the femoral \ cm on the left W ith the machine running lor 
one hour, the patient iras modcrateh impro\ed The results of the nin arc shown 
in figures 7 and 8 

Toward the end of the hour the patient shovied some discomfort She experi- 
enced a fairK severe chill Because of tins, because the effects were not known 
and because of difficult in following the chemical changes accuratelj, the 
dnhsis was discontinued at the end of an hour (fig 9) It was shown fairh 
conclusuch on subsequent runs, without anj similar ill effects, that probabh 
the trouble was in inadequate washing of the tubing On all occasions we used 
new tubing, including rubber tubing throughout the tambour in the pump as well 
as the dialjzmg membrane On subsequent occasions this was thoroughh washed 
with distilled water for an adequate period of time and then washed for a short 



I'lg 9 — Graph showing the reduction of nonprotem nitrogen m the blood of the 
patient during one hour of dialysis (Dec 6, 1946), with the remoral of 330 mg of 
nonprotem nitrogen m the dial j sate Thirtj -three feet (about 1,006 cm) of 
(liaKzmg tubing was used 

time with blood solution to remove an> remaining substances cither m the 
dnljziiig membrane or the tubing On subsequent runs, lasting up to eight hours, 
there were no ill effects whatever m the form of thermal reactions, changes in 
respiration, pulse rate, blood pressure or the like 

\ftcr the treatment the patient was considerabl> improved clinically The 
next dav the patient was fair The dav following that she was much worse 
again and a run of eight hours was given on the machine The results of this 
arc shown in figure 10 The patient was greatl> improved T-herc was still 
passigL ot onlv 45 cc of urine Three dajs later the patient was again scnouslv 
ill and a run oi seven hours was given the results of which arc shown in 
figure 11 The clinical improvement of the patient was striking She was comatose 
at the beginning of each oi these runs on the machine, and at the end the dehriuin 
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Fig 10 — Graph showing, m the clinical patient, the second run of slightly more 
than eight hours (Dec 7-Dec 8, 1946) on the machine The fall in the level of 
nonprotein nitrogen in the blood following the repeated changing of the dialysate 
IS shown There was no ill effect on blood pressure, pulse or respiration The''e 
were 6,600 mg of nonprotein nitrogen removed in the dialysate Thirty -three feet 
(about 1,006 cm ) of tubing was used 



II —Graph showing the third run (six and one-half hours, Dec 10-Dec 11 
1946) on the machine There ivere 6,040 mg of nonprotein nitrogen removed frorrl 
the blood during this period Thirty-one feet (about 945 cm ) of tubing was used 
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Fig 12 — Sdiematic drawing of the artificial kidney (not drawn to scale) 
Vi and Fa are \-ahes, C is the condum, 6" synnge, E eccentric, T rubber tubing, 
A air trap, R inlet control, D dialyzing membrane and G bath jar 



Fig 13 — View of the patient in bed, attached to the artificial kidnej 
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and cotna had disappeared The patient would dnnk small quantities of fluid, 
would respond to questions and conversation and stated that she felt much better 
In spite of the decided edema, she had some appearance of mtelligence. 

During the runs on the machine samples of blood, ascitic fluid from the 
peritoneal cavity and spinal fluid were removed, and determinations of nonprotein 
nitrogen and other substances were made from these, as indicated on the graph 
After the last dialysis there was a moderate secretion of urme, and the next 
day there ^vas an enormous secretion of 4,000 cc of urme. Subsequently the patient 




Fig 14— The artificial kidney in use on a patient The glass containing the coil 
ot dialyzing tubing, circulatmg pump and motor, air trap, heater of the dialysate, 
stirrer and thermostate are shoivn. 

made a progressive and uninterrupted recovery, and her health returned to normal 
During the ne.xt two weeks samples of blood and spinal fluid were exammed, and 
these showed a progressive fall of nonprotein nitrogen m both blood and spinal 
fluid, until on the twenty-fifth day these were both normal The edema had 
entirely disappeared The patient rvas out of bed and going about and was in 
normal health At this stage the gjmecologists reported that the fetus was not 
present in the uterus mde there was no record of its escape, we think that one 
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oinnot issumc tliat t!ic dial>zing apparatus remo\cd it bj this means The patient 
was in the hospital thirt> -tlirce dajs 

The onh remaining abnormalitj was a lack of concentration as showm in the 
two hour test The urine otherwise was normal, and the two hour test showed 
a concentration onlj up to 1 012 Howc%cr, at a later date, as shown on the final 
point on the chart, on the si\t> -first day the nonprotein nitrogen in tlie blood 
was 28 mg and m the spinal fluid 28 mg per hundred cubic centimeters, and 
considerable lmpro^cment was demonstrated in the two hour test, as shown in 
table 5 Here tlie concentration went up to I 018, and the diurnal and nocturnal 
(luantitics were close to normal The patient has gone back to her regular w'ork 
and IS in good health 


Tmiie 5 — Rcsitlls of Fu'o Hour Conccnlratxon Test of Urmc on the Stvty-Fir^t . 

Day FoUoivmg Recovery 



Volume, 

Specific 



Microscopic 

Time (2/J/47) 

Cc 

Gravity 

Albumin 

Sugar 

ObBcrvatlons 

10 0 m 

IQO 

1012 





12 noon 

120 

1 010 

— 

— 


2p m 

CO 

1017 

— 

— 


4 p m 

114 

1017 

— 

— 


0 p m 

00 

7 01G 




10 p m 

24o 

1010 

— 

— 


10 p m to 8 a m 

4Co 

1018 

— 

— 

Occasional white 





Jblood colls 

Total 

1,220* 






Dnv totnl "01 and night total 405 cc 


SUMMARY 

A report is made after a great deal of experimental w'ork, of an 
artificial kidiiej or dialyzing membrane which has been used in such 
a w ay that it can be applied safely to animals or to human beings This 
membrane can be used to remove toxic substances from the blood 
W ith proper buffenng of the dialysate, there are no injurious effects 
as a result of tins dialyzing process 

\ clinical case of significance is described, in wdiich a cure w'as 
tllccted 

Professor \ nn Wjkc proMded the patient whose record of treatment is 
reported, laboratory space and some chemicals were protaded b> Prof Andrew 
Hunter and Dr Allan G Gomall assisted with nonprotein nitrogen assajs of 
tissue Some facilities were prosnded bj the Banting Institute. Otherwise this 
work was earned on with pris-ate funds onl> and without other assistance 

'02 Medical Arts Building 

DISCDSSION 

Dr. ViCTOiKE Darwin Lespinasse, Chicago ^fJ colleagues and I are grateful 
to Dr Murra> for showing us a practical method of parabiosis Expenmentallj , 
we base tned parabiosis m rats Those that ha\c been poisoned with mercurv 
bichloride can be assisted o\cr the period of acute renal damage with parabiosis 
Dr Murras s idea of tiding the patient o%cr the period of glomerular damage is 
,.<t<i<l as Ixime out In our c\perimental work 




MEDULLARY TRACTOTOMY FOR RELIEF OF INTRACTABLE 
PAIN IN UPPER LEVELS 


ALBERT S CRAWFORD, MD 

SuTgeon-ln Chorge, Division of Neurological Surgery, Henry Ford Hosplfol 

DETROIT 

M edullary tractotomy has already become an established pro- 
cedure as a method of sevenng tlie afferent pain pathways — the 
spinothalamic tracts Several surgeons deserve mention as pioneers 
111 developing this procedure Schwartz and O’Leary ^ reported the 
first case m 1941 after Sjoquist,- Rowbottom,^ Walker"* and Grant, 
Groff and Lewy ■' proved the method feasible from their experiences 
with medullar)' tractotomy of the descending root of the fifth cranial 
nerve White" also reported a case in 1941, pointing out that the 
incision should be made caudad to the lower end of the olive Adams 
and Munro in 1944 reported 3 cases, in 1 of which a bilateral trac- 
totomy was done m two stages, with survival in all In his cases, how- 
ever, the upper level of analgesia for pain was in the upper dorsal 
region He apparently felt that it was not feasible to try for a higher 
level, because of the attending risks resulting from deeper cuts This 
may be one reason that more cases have not been reported in which 

Read at the fourth annual meeting of the Central Surgical Association, 
Chicago, Feb 21, 1947 

1 Schwartz, H G , and O’Leary, J L Section of Spinothalamic Tract in 
Medulla with Observations on Pathway for Pain, Surgery 9 183, 1941 

2 Sjoquist, O (a) Studies on Pain Conduction in the Tngemmal Nerve 
A. Contribution to the Surgical Treatment of Facial Pam, Acta psychiat et neurol 
(supp ) 17 1, 1938, (b) Tngemmal Neuralgia Review of Its Surgical Treat- 
ment and Some Aspects of Its Etiology, Acta chir Scandinav 82 201, 1939 

3 Rowbottom, G F Treatment of Pam in the Face by Intramedullary 
Tractotomy, Brit M J 2 1073, 1938 

4 Walker, E A L Anatomy, Physiologv and Surgical Considerations of 
tlie Spinal Tract of the Tngemmal Nerve, J Neurophysiol 2 234, 1939 

5 Grant, F C Groff, R A , and Lewy, F H Section of the Descending 
Spinal Root of the Fifth Cranial Nerve, Arch Neurol Sc Psychiat 43 498 (Alarch) 
1940 

6 White, J C Spinothalamic Tractotomy in Medulla Oblongata Opera- 
tion for Relief of Intractable Neuralgias of Occiput, Neck and Shoulder Arch 
Surg 43 113 (July) 1941 

7 Adams, R D , and Munro, D Surgical Division of the Spinothalamic 
Tract in the Medulla, Surg, G 3 mec & Obst 78 591, 1944 
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there were attempts to secure an upper level of analgesia m the mid- 
ccrMcal region 

Expcnence with this procedure has led me to believe that it is feas- 
ible to trj for the upper lev'el of analgesia, at least on one side at n 
time, and I report herewith 11 cases, m 9 of which unilateral section 
w as done and in 2 of which bilateral section was done at one operation 

REPORT OF CASES 

Case 1 — A woman of 40 had intractable pain from an incurable carcinoma, 
w ith metastasis to the fifth dorsal spine on the right side A medullary tractotomy 
of the left side was done Feb 7, 1942 The operation was done under local 
anesthesia, with the patient in the sitting position A suboccipital exposure on 
the left side was made through an inverted U-shaped incision The cut in the 
side of the medulla was made about 9 mm caudad to the obex to a depth of about 
5 mm The cut was made ventral to the bulge of the descending root of the 
fifth cranial nerve. There were no special technical difficulties, and the patient 
stood the procedure well and made a good recovery from the operation She did 
have transient hemiplegia (left), which began clearing up the third day and 
was gone in a month The upper level of pain algesia was between the second and 
third cervical segments on the right side She died of her carcinoma four months 
postopcratively, having been free of her pain until death 

Covtment — I feel that the hemiplegia probably resulted from cut- 
ting a little too far caudad and causing some damage to the pyramidal 
fibers at the decussation 

Case 2 — A man of 40 had abdominal pain from an incurable carcinoma of the 
colon Anticipating that the pain was like!} to extend upward, a bilateral medullary 
tractotomy was done Feb 20, 1942 The operation was done in the sitting position 
under local anesthesia with a midlinc incision of the skin The incisions in the 
medulla w ere made at about the level of the obex, about 5 mm deep, with a surface 
cut of about 3 mm , in front of the eminence of the descending root of the fifth 
nerve There was no trouble with bleeding, and the patient stood the procedure 
well He moved all of his extremities, and his upper level of analgesia was at 
the lev cl of the third cervneal segment However, about twelve hours postoperatively 
hj-pcrthcrmia developed, he was unable to swallow, and there rapidly developed 
medullarj signs, which did not respond to corrective measures He died less 
thin tvventj-four hours after operation Postmortem examination showed no 
licmorrhage and onl> a minimal amount of edema ' 

Coinmciit — I felt then that the cut was probably a little too far 
cephalad and probably a little too deep, involving the vagus nuclei 

Case 3 — A woman of 53 had intractable pain in the left axilla from a metastatic 
inoperable carcinoma A medullary tractotomy of the right side was done OcL 9, 
1942, under local anesthesia with the paUent m the sitting position The cut in 
the medulla was made about as in the previous case, except that it was made 
about 5 mm caudad to the obex. She made a good recovery, was relieved of her 
pnin and showed an upper pain level at the fourth cervical segment on the left 
She had hemiplegia of the right side, which began clearing up by the third post- 
operativ e day and was almost gone in six day s She died at her home one month 
after operation from rapid pulmonary involvement by the cancer She had been free 
of her pain until death 
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Comment — Here, again, I probably produced some damage to the 

pyramidal fibers near the decussation 

Case 4 A' man of 40 was suffering from severe mtractable pain in the right 

shoulder and upper extremity from an extensive recurrent sarcoma in the right 
shoulder A medullary tractotomy of the left side was done on Nov 29, 1942, 
under local anesthesia, and using the same techmc as m the last case There 
were no special technical difficulties The patient stood the procedure well and 
was relieved of his paim The upper level of analgesia to pain was at the fourth 
cervical segment on the right There was no weakness of the extremities He died 
five months after operation from extensive pulmonary involvement bv the cancer, 
but had been free from pain on the right side. 

Case 5 — A woman of 43 had been suffermg for about a year from constant 
intractable pain, associated with scamng and contractures resulting from exten- 
sive bums in the left axilla and upper extremity Inasmuch as the pain persisted 
in spite of all procedures, I finally advised medullary tractotomy, although there 
was a strong associated psychoneurobc problem The procedure was done on the 
Tight side, with the same technic as in the 2 previous cases No paralysis resulted, 
and it appeared that she was relieved of the pain in her arm and shoulder, but 
later variable pains developed m other parts of her body which were not related 
to the medullary sechon and were psychoneurotic m origin 

Case 6 — A. woman aged 66 was suffering from mtractable pam in the right 
shoulder and arm from a metastatic moperable caranoma 4- medullary tractotomy 
of the left side was done on Dec 22, 1944, usmg the same technic as in the previous 
3 cases The patient stood the procedure well and was relieved of her pain until 
her death at home months later She showed a transient homolateral weakness 
for a few days, but she was grateful for her relief of pain 

Case 7 — A woman of 44 had been suffering from mtractable pain m the left 
arm and shoulder from inoperable carcinoma. A medullary tractotomy of the 
right side was done June 15, 1945, using the same techmc as vnth the others 
The results were e.xcellent, and the pain level obtamed was at the third cervical 
segment on the left No motor impairment resulted She was freed of her former 
pain until her death two months later from extensive local and pulmonary involve- 
ment 

Case 8 — A man of 60 was suffenng from intractable pam of his left arm and 
shoulder from a destructive lesion of the upper dorsal aspect of the spine and 
nght scapula A medullary tractotomy of the left side was done Sept 10, 1945 
He stood the procedure well and has remained free of his former pain. The level 
for analgesia was at the fourth cervical segment There was a transient homo- 
lateral weakness, which began clearing up in ten days and disappeared within a 
month He is still alive and able to be about. He has taken trips to Mexico and 
Europe since the operation The lesion slowly increased in extent for a while, 
and he had some pain in the left shoulder, but later that disappeared The final 
diagnosis of the destructive lesion is uncertain. 

Case 9 — A woman of 60 had pain in the high dorsal region from an incurable 
malignant growth A medullary tractotomy of the right side was done, the same 
as in previous cases, on Feb 2, 1946 The patient stood the procedure well, and 
an upper lei el of analgesia was obtained at the third cervical segment on the right 
A. transient homolateral weakness was present for a few days She remamed free 
ol her former pam until her death two months later 

Case 10— A man of 40 was suffering from mtractable pain m the left side 
of the high dorsal region from an incurable malignant growth A medullary 



^2t, IKCHII ES or SLRGER'i 

tnctdtomj of till, right side \\a«: done, the same as in previous eases The patient 
Ntooil the procedure well and was relieved of hts former pain He moved all of 
his extremities well after the operation, and tlie upper level for, pain was at the 
third ccrvacal segment on the left side He died two dajs postoperativclv from 
a slovvlv developing hemorrhage, which was recognized too late to save his hfe 
11 — A woman of 51 vears vvas suffering from bilateral intractable pain 
from an incurable malignant growth A bilateral medullarj tractotomj vvas done 
because I felt that such an operation, done at one sitting, vvas a feasible procedure 
This operation was done on Feb 5, 1947, in the sitting position and under local 
anesthesia augmented with sodium pentothal administered intrav enouslv Because 
of the latter, the patient did not respond satisfactorilv at the time of sensorv 
stimulation, and I cut about as m previous cases, possiblj a little more extensivelv 
to insure the incision’s being deep enough She stood the procedure well, was 
iblc to move all her extremities, talked and swallowed fairlv well and had a pain 
level bilatcrallj at the second cervical segment She seemed to be getting along 
satisfactorilj during tbe first postoperative day, but then there rapidlj developed 
medullary signs which were interpreted as edema Respiratory failure supervened 
late on the second postoperative day She improved when put in the respirator, 
but died on the seventh postoperative day, with signs of terminal pneumonia No 
postmortem examination could be made 

Comment — It is unfortunate that I was not able to determine whethei 
death came as a result of hemorrhage pr secondarj degenerativ'c changes 
from the sections However, this case demonstrated that a bilateral 
section is not immediately incompatible with life From experimental 
studies, not yet published it would appear that such a procedure is 
leasible But it is probable that with bilateral section there is not the 
margin of safety as with unilateral section It is probable that I 
might have been able to cut a little less deeply had she been able to 
rtsiiond more accurately during the cutting 

\s to technic, the operations were all done under local anesthesia 
with the patients sitting up in the neurosurgical chair With the one- 
‘-ided cutting a unilateral inverted U-shaped incision was used cutting 
iwav the arch of the atlas and enlarging the foramen magnum on that 
side Exposure of the side of the medulla up to the level of the inferior 
olive and obex vvas accomplished with a little elevation of the lower 
pole of the cerebellum The vertebral artery' vvas covered with a thin 
strip of “cottonoid ” Cotton stamps soaked w ith jyrocaine hydrochlo- 
ride 1 per cent solution, were held against the medulla, and then the 
tine hairhke vessels which interfered with exposure were shrunk awav 
with clectrocauterv The level of incision into the medulla vvas deter- 
mined by the fine rootlets of the tenth and eleventh nerves The cuts 
were made caudad to the last of the vagus rootlets and cephalad to the 
last of the spinal rootlet of the eleventh nerve It is shown on the 
diagram of the right side of the medulla (fig 1) It vvas a point about 
s to 6 mill caudad to tbe obex 
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The cutting was done with a small right-angled blade on a long 
handle set at a 30 degree angle to the coronal plane This permitted 
making a small surface cut 2 to 3 mm long The cutting blade is 4 5 
inm long After the blade had been plunged in once, there was usually 
no further remonstrance by the patient and he could be tested with a 



Fig 1 — Right side view of the medulla oblongata 



olnc'^ 2~Trans\ersc section of the medulla oblongata at the lower end of the 

pm lor the upper le\ el of analgesia If the level was not high enough 
after this first section (fig 2 [1]), further cuts were made as shown 
m figure 2 (2 and 3 of the stippled areas), or if a lower level was 
desired the cuts vere made as shown m figure 2 (4) I have most 
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rcccnth done the secondan cutting (fig 2 [2 and i] with the blades 
\\hich are made as hooks (fig 3 [1 and d]) These permit under- 
cutting without so much surface cutting 

There has ne\er been any bleeding from the cutting, except from 
the minute hairhke \essels on the surface With the blade of the knife 
one can usually dodge the branches of tlie posterior cerebellar artery 
w itliout disturbing them 

Tlie dura has always been closed loosely and not made water tight, 
and one must be careful to obtain absolute hemostasis dunng closure 



The danger of air embolism must be borne m mind as one of the risks 
of operating m the sitting position Postoperative bleeding is possibly 
more hkel} to occur after this upnght approach and probably accounted 
lor 1 or 2 of the 3 deaths 

The patients have stood this surgical procedure surprisingly well, 
considering that thei were MCtims of cancer I have used no special 
tj-pe of head dressing afterward, and they were encouraged ^’o move 
irequenth from side to side 
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SUMMARY 

Nine cases of unilateral and 2 cases of bilateral medullary tractotomy 
done for mtractable pain in the upper part of the torso are reported 
All of them resulted m a high level of pain algesia The 2 patients in 
whom bilateral medullary tractotomy was done, and 1 m whom uni- 
lateral medullary tractotomy was done, died, 1 or 2 of these probably 
from hemorrhage There was transient homolateral paralysis in 5 
cases I feel that this can be avoided by cutting only in the areas 
which are shown stippled in the diagram (fig 3) and at the proper site 
for section (fig 1) and by avoiding postoperative hemorrhage 

I report these cases mainly to show that the procedure is feasible 
and with the hope that it will stimulate others to use it to relieve patients 
with intractable pain of the shoulders and lower cervical regions With 
further expenence it is believed that bilateral* section at one sitting 
may also be feasible 



ACUTE APPENDICITIS 

An Analysis of Eight Hundred and Seventy-Eight Cases at St Luke's Hospital, Chicago 

E LEE STROHL, MD 

AND 

FRANCIS E SARVER, MD 
CHICAGO 

A PPEXDICI 1 IS as a clinical entitv, has been recognized since 
ISS6, ^^hen Fitz,^ of Boston, coordinated the theories of mflam- 
inaton disease in and about the cecum He originated the term “appen- 
dicitis” and described the cbnical picture, placing particular emphasis 
on Its earlv diagnosis and treatment Among the pioneers in the develop- 
ment of the technic for tlie removal of the appendiv uere Sands, listed 
In r icarra,- jMcBurnej McArthur ■* and IMurphv “ Sands was among' 
the first to attempt drainage of an appendical abscess McBurney. in 
1894, reported the technic of the muscle-sphtting incision, advocating 
its u'-e exchisnel} for nonsuppurative, chronic or interval appendicitis 
Me \rthur had then been using the same incision for over three years 
Me \rtlnir ad^ocated its use in all types of appendicitis, including fulmi- 
nating t\pes of appendical infection The mortality rate resulting from 
.icutc a])pendicitis prior to the adoption of chemotherapeutic measures 
\s as reported bv r arioits authors as 4 5 to 5 per cent Approximately 
two thirds ot all deaths resulting from peritonitis in the United States 

Rncl the fourth annual meeting of the Central Surgical Association Feb 21, 
1*147 Giicago 

From the Departments of Surgcr\, St Luke’s Hospital and the Unnersiti 
<>i Illinois College of ^tcdlclne 

1 Fitz R H Pcriorating Inflammation of the Vermiform Appendix, with 
bpecial RcicreiKc to Its carl) Diagnosis and Treatment Also, Tr A Am Phcsicians 
1 107-144 (June) 188(5 

2 Picarra B T American Pioneers m Abdominal Surgerc, Am J Surg 
G4 282-2!sC. (Peb ) 1944 

3 McBurnci, C The Incision Made in the Abdominal Wall in Cases of 
\ppciKhcitis with a Dcscnption of a \cw Method of Operating, Ann Surg 20 
5s 41 t Vug ) 1804 

4 Me Vrthur L L Oioice of Incisions of Alxlommal Wall, Espccialh for 
Vppcndicitis Chicago M Recorder 7 289-292 (Not ) 1894 

' Murpln J B Appendicitis, with Original Report, Histones and Aiiahsi' 
III One Hundred and Forts -One Laparotomies for that Disease Lnder Personal 
Obsvnatioii I \ M V 22 302-308 (March 3) 1894 
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followed acute appendicitis with perforation at that time The over- 
all mortality rate m acute appendicitis is on the decline However, the 
mortality rate m cases of acute appendiatis with perforation has shown 
no great improvement This mortality rate is reported as 5 to 17 per 
cent These factors have prompted a further analysis of acute appendi- 
citis at St Luke’s Hospital as well as the factors contributing to death 
from acute appendicitis 

TACTORS IN THIS STUDY 

This study represents a series of 878 consecutive and unselected cases 
of acute appendicitis occurnng at St Luke’s Hospital durmg the period 
1939 through 1945 The patients were residents of the Chicago area 
and represent a cross section of the patients seen in this community 
The patients included in this senes were all operated on, and the 
appendix was observed to be acutely inflamed or the source of an 
abscess In each instance microscopic confirmation of appendical dis- 
ease was reported by the pathologist Cases in which the disease was 
reported by the surgeon and the pathologist as “subacute,” “chronic,” 
“interval” or “chronic mechanical” are not included m this report The 
previously reported senes over the penod 1932 to 1939 by one of us 
(E Lee Strohl) from St Luke’s Hospital ® will be compared with this 
senes 

Each case analyzed has been placed m one of three groups (1) acute 
appendicibs without rupture, a condition in which there was no localized 
pus or perforation present at the time of operation and the inflammatory 
process was confined to the appendix (2) acute appendicitis with per- 
foration, a condition in which the appendix was described by the surgeon 
and the pathologist as perforated and localized or diffuse pentonibs was 
present at the bme of operabon (3) appendical abscess, in which a 
IV ell localized area of pus was observed at the bme of operation We 
believe that the terms spreading pentonitis, diffusing pentonibs and 
local pentonibs are confusing as criteria for a stabshcal survey of this 
type These terms may be inaccurate, since it is difficult at operation to 
determine the extent of peritonitis m any given case without abdommal 
exploration Explorabon is not jusbfied m the presence of acute 
appendiatis One disadvantage to. the use of these three mam groups 
IS that, occasionally, cases of severe appendicibs with gangrene and 
pentonitis will fall in the “acute unruptured” group, because no gross 
or microscopic evidence of perforation was noted Pentoneal culture as 
a critenon of spread of infection beyond the appendix was not used, 
because the culture had not been obtained m each instance 

6 Strohl, E. L. Acute Appendiatis Analjsis of the Records of Three 
Hundred Cases, Illinois M T 74 171 (Aug ) 1938 
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ANALYSIS OF CASES 

Age — Two hundred and twenty-four cases occurring in the second 
decade of life was the greatest number occurring in any age group 
(table 1), while tliere were 222 cases in the third decade and 149 in 
the fourth decade Thus, m the second, third and fourtli decades 
there were 599, or 67 8 per cent, of the total series The average age 
of all patients included in tins senes w'as 28 5 years The greatest 
number of perforated appendixes also occurred in the second, third and 
fourtli decades (53, or 55 per cent, of all cases witli perforation) 

It is interesting to note m our senes the similarity in the pattern of 
the disease m children under 5 years of age and m patients over 70 
jears of age Of 22 cases in children under 5 years of age tliere were 
5 with perforation and 2 with abscesses, whereas m 18 cases m patients 
past 70 years of age there were 6 with perforation and 4 with abscesses 


Table 1 — Age Incidence 
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Table 2 — Distnbulwn 
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Scr — 111 this series there was only a slight predominance in the 
number of cases occurring in male patients Of 878 patients, 474 
(54 per cent) were male and 404 (46 per cent) were female (table 2) 
(This study was made dunng war years ) 

Classification — The number of cases of acute appendicitis without 
rupture was 725, or 82 6 per cent (table 3) The number of cases of 
acute appendicitis with perforation was 97, or 11 per cent In 56 cases, 
or 64 per cent, an abscess was observed at operation 

Mortality — During the period of 1932 to 1937, 9 deaths in 300 
consccutuc cases, a mortality rate of 3 per cent, were reported from 
St Luke’s Hospital ® Dunng the period 1937 to 1939, there were 10 
deaths m 519 cases, a mortality rate of 1 92 per cent, reported from 
St Luke’s hospital ' 

7 Strohl, E L Appendectomj by the Musclc-Sphtting Technic, S Clin 
North America 22 1-8 (Feb ) 1942 






STROHL-SARVER— ACUTE APPENDICITIS 533 

There were 13 deaths, following surgical intervention, in the present 
series of 878 cases This represents an over-aU mortality rate of 1 48 
per cent All deaths occurring after operation for acute appendicitis are 
included m this study Two of these deaths occurred from apparent 
extra-abdominal causes and are included in the 13 deaths (table 4) 

There were 4 deaths following the removal of an unruptured appendix 
in the acute stage of inflammation, a mortahty rate of 0 55 per cent 
As would be expected in the group with acute appendicitis in which 
there was perforation, there were 8 deaths m 97 cases, a mortality rate 
of 825 per cent This was the highest mortahty rate of any of the 
three groups There was 1 death in the 56 cases of appendical abscess, 
a mortality rate of 1 78 per cent 


Table 3 — Classtficahon 


Pathologic Condition 

Number ol Oases 

Percentage 

Acuta appendicitis without rupture 

726 

826 

Acute appendicitis with perioraUon 

97 

UO 

Appendical abscess 

60 

64 
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Table 4 — Mortahty 

Pathologic Condition 

Number of 

Oases 

Number ol 
Deaths 

Mortality Percentaga 
1939 Through 1946 

Acute appendicitis without rupture 

726 

i 

0^ 

Acute apiKuidlcItls with perforation 

97 

8 

826 

Appendical abscess 

66 

1 

1.78 

Total 

878 

13 

148 


Analysis oj Deaths — ^The youngest patient that died was 2 years of 
age, and tlie oldest was 80 years of age Eight of the deaths occurred 
in the fifth and sixth decades, the average age being 42 3 years Four 
deaths occurred after removal of an unruptured appendix with acute 
inflammation In 2 of this group generalized pentomtis developed, as 
observed at autopsy One of tlie patients was an 80 year old diabetic 
person, who died of a massive pulmonary embolus mnety-six hours 
after operation Autopsy revealed the peritoneum to be free of infection 
The remaining death m the group in which the appendix was unrup- 
lured was that of a 49 year old man, who died suddenly tivelve hours 
after operation The cause of death was undetermined 

In the group with acute appendicitis rvith perforation tliere were 
8 deaths The patients ranged m age from 3 to 58 years All deaths 
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were attributed directl} to generalized peritonitis \\ith paralytic ileus, 
and in 1 instance there ■was concomitant uremia Five of the 8 patients 
in this group had taken a cathartic or an enema shortly after the onset 
of tlieir abdominal s\mptoms Two of this group had purged them- 
sehes with both magnesium sulfate and enemas 

The single death m the group with appendical abscess was tliat of a 
bo} of 2 years S} inptoms w ere present for two weeks prior to admis- 

Table S — Causes of Death 
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Acute appendicitis 
with perforation 

38 hr 

None 

No 

Generalized 

peritonitis 

Ufogneslum 

sulfate, 

enema 

No 

s 

■M 

53 

Acute appendicitis 
with perforation 

48 hr 

None 

Tea 

Generalized 

peritonitis 

Magnesium 

sulfate, 

enema 

Tes 

£1 

M 

65 

Acute appendicitis 
with perforation 

48 hr 

Tes 

Tes 

Generalized 

peritonitis 

None 

Tea 

IP 

M 

60 

Acute appendicitis 
with perforation 

48 hr 

Tes 

Tes 

Generalized 

peritonitis 

None 

No 

11 

F 

3 

Acute appendicitis 
with perforation 

24 hr 

Tea 

Tes 

Generalized 

peritonitis 

None 

No 

12 

51 

19 

Acute appendicitis 
with i>crforatlon 

2Shr 

Tes 

Tes 

Generalized 

peritonitis 

Oostoroll 

No 

13 

M 

2 

Appendical absccES 

2 wk 

Tes 

Tes 

Generalized 

peritonitis 

Magnesia 

magma 

repeatedly 

No 


Sion to tlie hospital, and the child tvas dehydrated and septic A mass 
w as palpable m the right lower quadrant of the abdomen At operation 
an abscess was drained, wuthout attempt at appendectomy, since the 
appendix was not easily accessible The patient died eight hours after 
operation 

Duration o/ Symptoms — The duration of symptoms was determined 
from the onset of sj mptoms until admission to the hospital The period 
of time that had elapsed pnor to admission varied m this group of deaths 
from tw ent} -four hours to tv\ o w ceks The average elapsed time prior to 
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hospitalization was sixty-seven hours This compares closely with the 
elapsed time m the cases reported by Reid and Montanus® from the 
Cincinnati General Hospital, in which there was a delay in hospitahza- 
tion of sixty-four and nine-tenths hours 

Chemotherapy — Sulfonamide drugs were used intrapentoneally and 
parenterally in the majonty of the cases of acute appendicitis with per- 
foration and in appendical abscess since the latter part of 1940 at 
St Luke’s Hospital It would appear that the sulfonamide drugs were 
helpful in reducing the morbidity, although there has been no deaded 
reduction of mortality indicated by companson of present figures at 
St Luke’s Hospital with those of the period prior to use of sulfonamide 
drugs Statistically, the effect of sulfonamide drugs would be shown 
only in the over-all mortality rate, inasmuch as there was no control 
senes Analysis of the deaths reveals that the sulfonamide drugs were 
used, in dosages considered adequate, in 7 of the 13 fatalities These 


Table 6 — Yearly Mortalxty 


Year 

Number ot Oases 

Deaths 

Percentage Mortality 

1539 

114 

S 

20 

1910 

141 

9 

14 

IMI 

m 

2 

1,6 

ISIS 

ISO 

S 

16 

1913 

109 

1 

09 

1911 

UO 

2 

IB 

1915 

116 

0 

0 


figures, however, fail to reflect the number of cases of severe peritonitis 
in which tliere was recovery and in which the drug was undoubtedly 
effective 

The mortality rates for each year are listed in table 6, showing a 
2 per cent mortality in 1939 which decreased to 0 9 per cent in 1943 
and increased to 1 8 per cent in 1944 During 1945, there were no 
deaths in 116 cases in which there was surgical treatment at St Luke’s 
Hospital Antibiotic drugs were not used in this senes of cases 

Aycock and Farris ® reported a substantial decrease m mortality rate, 
from 5 2 per cent over a four year period when sulfonamide drugs were 
not used to 1 2 per cent dunng the penod 1940 to 1944 when the 
sulfonamide drugs were employed In tlie cases of acute appendicitis 
with perforation tlie mortality rate was reduced from 31 per cent to 
10 4 per cent concomitant with chemotherapy 

8 Reid, M R., and Montanus, W P AppendiaUs An Analysis of 1,153 
Cases at tlic Cincinnati General Hospital, JAMA 114 1307-1311 (April' 6) 
1940 

9 A>cock, T B, and Farris, E. M AppcndiciUs The Possible Effects of 
Sulfommide on MortaliU, Ann Surg 121 710-717 (May) 1945 
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Inasioj! — The McBurnc} -McArthur incision was used almost with- 
out exception in this series of cases In the few instances m ^^hlch other 
incisions were employed the choice of another incision was made because 
the diagnosis was m error or indefinite 


Table 7 — Reported Mortality Rates 



Acute 

Appendicitis 

Without 

Rupture 

Acute 

Appendicitis 

With 

Perloratlon 

Appendical 

Abscess 

Total 

Author Reporting 

Kitm 

ber 

ol 

Oases 

Mor ' 
tallty 
Per 

centago 

Nnm 

ber 

ol 

Cases 

Mor ' 
tallty 
Per 

centage 

bum 

her 

ol 

Cases 

Mor 

tallty 

Per- 

centage 

Num 

her 

ol 

Cases 

Mor 

tallty 

Per 

centage 

Rclil ond Montnnus,* OIn 
clnnatl General Hospital 
(19J1 to 103S) 

533 

10 

209 

17 2 

129 

10 0 

921 

00 

Green and Watkins, 
Cleveland Olty Hospitals 
(IDJO to 1911) 

11 COj 

OiU 

3,216 

ISO 

1,550 

126 

19,899 

4A 

Cutler and Hoerr,r‘ Peter 
Bent Brigham Hospital 
(1913 to 1911) 

1,G94 

12 

339 

171 

247 


2,192 

44 

Stadord and Sprong.'s 
Johns Hopkins Hospital 
(1931 to 1939) 

S3S 

0 

190 

14 2 

2S3 

71 

1,317 

36 


Table 8 — Reported Mortality with Use of Sulfonamide Drugs 



Acute 

Appendicitis 

Without 

Rupture 

_J4 

Acuta 

Appendicitis 

With 

Perlorntlon 



Appendical 

Abscess 

Total 

\uthor Reporting 

/ 

Num 

her 

ot 

Oases 

Mor' 

tallty 

Per 

centage 

1 

Num 

ber 

ol 

Cases 

Mor 

tallty 

Per 

centage 

t 

Num 

ber 

ot 

Oases 

Mor 

tallty 

Per- 

centage 

/ 

Num 

ber 

ot 

Cases 

Mor 

tallty 

Per 

centage 

4ycoct and Farris,* Baltl 
more City Hospital 
(1910 to 1941) 

418 

0 

53 

67 

27 

80 

300 

IP 

Mueller” Roosevelt 

Hospital, New York 
(1910 to ICH) 

673 

0 

110 

0,91 

66 

3A7 

739 

0 40 

St Luke s Hospital, Chicago 
(19:9 to 1913) 

725 

065 

97 

8 25 

60 

178 

878 

148 


Comment — ^There has been slight improvement in the over-all mor- 
tality rate for this seven year senes, as compared with the previously 
anahzcd se\en >ear senes The improvement is not as great as some 
authors ha% e reported since the advent of chemotherapy 

Pnor to the general use of chemotherapj , Reid and Montanus ® 
reported an o\er-all mortality rate of 60 per cent (1934 to 1938), Green 
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and Watkin 48 per cent (1930 to 1941), Cutler and Hoerr 44 per 
cent (1913 to 1941) and Stafford and Sprong“ 3 6 per cent (1931 
to 1939) Authors reporting since the sulfonamide drugs have been 
generally used, list somewhat lower mortality rates Ay cock and Far ns ® 
12 per cent (1940 to 1944), and Mueller 0 40 per cent (1940 to 
1944) Stafford and his co-workers in 145 cases of appendical peri- 
tonitis in 1942 reported a mortality of 3 4 per cent (table 8) 

SUMMARY AND CONCLUSIONS 

In a senes of 878 cases of acute appendicitis at St Luke’s Hospital 
dunng 1939 to 1945, 725 were without rupture, 97 were accompanied 
with perforation and peritonitis and m 56 abscesses had formed Criteria 
are given for the classification of acute appendicitis without rupture, 
acute appendicitis witli perforation and appendical abscess Stress is 
laid on the importance of pathologic examination of the appendix in 
order to obtain accurate statistics 

The over-all mortality rate of 1 48 per cent is broken down as 
follows 0 55 per cent in acute appendicitis without rupture, 8 25 per 
cent in acute appendicitis with perforation and 1 78 per cent in appendical 
abscess An analysis of the deaths revealed that 11, of a total of 13 
patients, died as a direct result of progression of the appendical infection 
or of specific complications One patient died of pulmonary embolism 
The cause of 1 death was undetermined Delay m operation continued 
as a major factor in death in the cases of acute disease with perforation, 
and the average elapsed time from onset of symptoms until admission 
to the hospital was sixty-seven hours The over-all mortality rate of 
1 48 per cent at this time, as compared with 1 92 per cent m 1939, reflects 
little or no evidence that the sulfonamide drugs have been a significant 
factor in the reduction of mortality m acute appendicitis at St Luke’s 
Hospital 

122 S Michigan Aienue 

10 Green H W, and Watkins, R. M Appendicitis in Cleveland, Surg, 
■G>ncc. S. Obst 83 5-613-624 (Nov) 1-946 

11 Cutler, E C, and Hoerr, S O Acute Appendiatis A Twenty-Five 
Year Study, J Michigan M Soc 41 203-210 (March) 1942 Hoerr, S 0 Mor- 
tahU Factors in Acute Appcndiaus, Surgery 18 305-317 (SepL) 1945 

12 Stafford, E S , and Sprong, D H , Jr Mortahtj from Acute Appendicitis 
m Johns Hopkins Hospital, JAMA 115 1242-1245 (OcL 12) 1940 

13 kfucllcr, R S The Eocal Use of Sulfonamide in the Treatment of Acute 
\ppcndicitis, Ann Surg 122 625-630 (OcL) 1945 

14 Stafford, C E , Bescwck, J , and Deeb, P H E^aluaUon of the Sulfona- 
mides in Treatment of Pcntonitis of Appendical Ongm, Am J Surg 64 227-234 
<Maj) 1944 
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DISCUSSION 

Dr. Otto W Niemeier, Hamilton, Ontario, Canada I uould like to compli- 
ment Dr Strohl on his excellent paper on appendiatis I feel that this subject 
warrants a few minutes of discussion He does not present as remarkable a drop 
in mortalitj as is shown in some sections A more progressive drop has occurred 
in the Hamilton General Hospital, from S per cent to 4 per cent and finally to 

0 5 per cent I was interested to know that it rose in Dr Strohl’s senes from 09 
to 1 48 per cent, which is not a remarkable rise but bears out something that I 

^believe is occurring I belie\e that this remarkable improvement has led to a feeling 
of complaccncj on the part of the public and perhaps the medical profession in 
regard to acute appendicitis I ha\e the impression that more cases with perfora- 
tion and cases of late disease with prolonged morbidity are being seen The 
nccessib for early operation in this condition should continue to be stressed. 

In regard to the reduction in mortality, I believe that there are other factors 
as important as chemotherapy I believe that suction drainage has been used more 
lately, and to that I attnbute a considerable improvement m the hands of surgeons 

1 think that in postgraduate teaching one should impress students with the neces- 
sity for early operation in acute appendicitis in spitp of these weapons which make 
It seem so safe 



EXPERIENCES WITH THE BLALOCK OPERATION FOR 
TETRALOGY OF FALLOT 

F D DODRILL, M.D 
DETROIT 

T he BLALOCK operation ^ is the anastomosis of one of the sys- 
temic artenes arising from the aortic arch to either the nght or 
the left pulmonary artery This may be done by either an end to side or 
an end to end method of suture The operation is indicated m cases 
of congenital pulmonary stenosis or atresia of the pulmonary orifice 
Although pure pulmonary stenosis does occur, most children with 
this anomaly also have the assoaated defects of dextroposition of the 
aorta, interventricular septal defect and nght ventricular enlargement 
This IS known as tetralogy of Fallot The disabling factor in the mal- 
formation is the pulmonary stenosis, which prevents suffiaent blood 
from reaching the lungs to permit normal oxygenation of the blood 
The diagnosis of pulmonary stenosis is made on the presence of 
noticeable cyanosis, clubbing of the fingers and toes, increased red blood 
cell count and the appearance of the heart m roentgenologic and fluoro- 
scopic examination Great emphasis is placed on the fluoroscopic exami- 
nation, there being greatly diminished or absence of pulsations of the 
pulmonary arteries at the hilus of the lung A systolic murmur, heard 
best at the level of the second or third anterior interspace to the left 
of the sternum, may or may not be present The heart is not enlarged 
except during the terminal stages of the disease when some mcrease 
m its size may take place 

Thirteen ‘operations have been performed This mcludes all cases 
in which an masion was made One patient was operated on the 
second time, tliere being 12 patients in this group In all cases the 
diagnosis iras confirmed by the observation of a small pulseless or 
nearly pulseless pulmonary artery In 1 patient no pulmonary artery 
was present, there being a network of small collateral artenes about 
the pulmonary lulus, which probably arose from the bronchial artery 
An anastomosis was, of course, not performed m this patient 

Read at the fourth annual meeting of the Central Surgical Association, Chicago, 
Feb 21, 1947 

1 Blalock, A , and Taussig, H B Surgical Treatment of Malformations 
of the Heart in MTnch There Is Pulmonarv Stenosis on Pulmonan Atresia, 
128 189 (Maj 19) 1945 Blalock, A Ann Surg 124 879 (Noi ) 1946 
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A curved iniramammillar} incision was made in all cases, the third 
anterior interspace being entered Either the right or the left pleural space 
was entered, depending on the position of the aortic arch In this mal- 
formation the aortic arch may be on either the right or the left side An 
approach was made opposite to the side on w'hich the arch w'as present 
The position of the arch was determined by fluoroscopy of the chest 
as well as by the administration of banum by mouth in order to deter- 
mine which side of the esophagus was indented by it, the left arch 
indenting tlie left side and the right arch indenting the right side of 
the esophagus in tlie antenopostenor view 

A.11 pabents have been operated on with an experienced anesthebst 
admimstenng the anesthetic agent Cyclopropane has been used in all 
cases with an endotracheal tube in place The respiratory act has 

Table 1 — Age, Sex, Systemic Vessel Used and the Cluneal Residt 


Case 

^o 

Patient 

Ace, 

Yr 

Sex 

Systemic Vessel Used 

Result 

1 

1, J 

0 

M 

Lett common carotid. 

Excellent 

2 

C H 

5 

M 

Left common carotid 

Excellent 

3 

P 8 

12 

F 

Lelt common carotid 

Died 

1 

R D 

4% 

M 

Right common carotid 

Excellent 

5 

P P 

7 

M 

(No anastomosis) 

No change 

6 

P P 

7 

M 

(No anastomosis) 

No change 

7 

D B 

U 

M 

Eight subclavlBn 

Excellent ♦ 

8 

P H 

6 

SI 

No anastomosis 

Died , 

9 

P O 

5 

F 

Right common carotid 

Excellent 

10 

A S 

4 

F 

Right subclavian (end to end) 

Died 

11 

L Q 

12 

F 

Left subclavian 

Fair 

12 

W Z 

314 

M 

Right subclavian (end to end) 

Good 

13 

0 M 

3% 

SI 

Right subclavian 

Not yet determined 
(operation only recent) 


* Cerebral thrombosis developed In this patient, bnt he recovered 


been entirely controlled or, at least, assisted This method has per- 
mitted the operation to be performed m a comparabvely* quiet field 
One pabent in this group, however, w^as in such precarious condition 
that the lung could not be permitted to collapse without serious respira- 
torv difficulty It was kept almost fully inflated, and the field of 
operation was packed off to permit the operabon to be completed The 
technic of anastomosis w'hich has been described by Dr Blalock has 
been used, except in a few' cases in which the pulmonary artery was 
so small and, therefore, the incision in it so small, that interrupted 
sutures instead of a continuous suture were used 

Table 1 shows the systemic artery used In 5 patients the common 
carotid arterj’ was used for the anastomosis, and in the remaining 
pabents the subclaMan artery was used The innominate artery has 
not been used in any pabent WTien an artery the size of the innominate 
was desired, it was thought to be too short to reach to the pulmonarj' 
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artery Therefore, the subclavian artery was ligated and divided near 
Its origin, and sufficient length of the common carotid was developed 
so as to reach to the point of anastomosis By such a method the full 
volume of blood passing through the innominate artery reaches the 
lungs An end to end method of suture was used in 2 patients, the 
remaining anastomoses being carried out by the end to side technic 
The clinical results are also shown m table 1 By an excellent 
result IS meant that the cyanosis disappeared, the red blood cell count 
became decidedly decreased, the clubbing of the fingers and toes receded 
or disappeared and the physical reserve of the patient was greatly 
improved The arterial oxygen saturation has increased m all patients 
who survived the operation One patient was unusual in this respect 
The patient in case 9 showed an artenal oxygen saturation of 27 0 
volumes per cent before the common carotid was anastomosed to the nght 
pulmonary arterj’ Tavo weeks following this procedure the artenal 


Table 2 — L\st of Fatal Cases, Showing the Vessel Used, the Red Blood Cell 
Count, the Hematocrit Reading and the Cause of Death 


OaM 

No 

Sj-fitcmlc Artery Used 

Red 

Blood 

CeU 

Ooont 

Arterial 
OsyBen 
Baturs 
tlon, 
Vol % 

Hema 

tocrlt 

Read 

Ing 

Cause of Death 

3 

Left common carotid. 

9a 

163 

93 

Shock 

8 

(No anastomosis) 

120 

223 

03 

Cardiac Insufficiency 

IQ 

Eight subclavian (end to end) 

11.6 

21.7 

100 

Rulmonory hemorrhage 


oxygen saturation was reported as 95 0 volumes per cent, the usual 
figure for a normal person The test has been repeated and verified as 
tlie correct determination In all probability this patient had a pure 
pulmonarj'- stenosis, without the associated defects 

In table 2 the fatal cases are tabulated shoAVing the systemic vessel 
used, the red blood cell count, the artenal oxygen saturation, the 
licinatocnt reading and the cause of death It is seen that in these 
fatal cases tlie red blood cell count and tlie hematocrit readings were 
unusually high, the hematocrit reading in case 10 being reported as 
100 In other words, there was no separation of cells from plasma 
Dcatli m the first fatal case is listed as due to shock The anastomosis 
liad been completed, although the blood pressure or pulse could not be 
obtained The child died two hours later, w'lthout having regained 
consciousness The patient m the second fatal case died before the 
anastomosis ivas begun Death was thought to be due to cardiac insuf- 
ficicncj , as the heart gradually slowed and finally ceased to beat Post- 
mortem examination showed an atresia of the pulmonary orifice, tlie 
entire pulmonary- circulation reaching the lungs through a small patent 
ductus arteriosus The third fatality- was due to pulmonaiw hemor- 
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rhage, which occurred four hours after the completion of the operation 
This is the only patient in this group who received liepann or dicu- 
marol Two hours after tlie operation the temperature was elevated 
to 102 F, there was some twatchmg on tlie opposite side of the body 
and the patient had not rallied Believing that cerebral damage 
was occurring, the initial calculated dose of heparin was given Tw^o 
hours later there was a severe pulmonary hemorrhage, and, even though 
intratracheal suction was quickly earned out, the patient died 

In the patients who survived the procedure there have been few' 
complications * As a rule the patient dies soon after the operation or 
sunues One patient experienced acute laryngeal edema requiring an 



Fig 1 — Tile upper chart shows blood pressure dunng the course of anastomosis 
01 the carotid and pulmonary artencs (technic carbon dioxide absorption, endo- 
tracheal intubation) No significant fall in blood pressure occurred Cyclopro- 
pane and oxjgen were used, and the result was good The lowrer chart shows no 
significant fall m blood pressure in anastomosis of the carotid and pulmonary 
artencs (technic carbon dioxide absorption, endotracheal intubation) Cyclopro 
pane and ox\gen were used, and the result avas good 


cmergcnc} tracheotom} Another patient had a pneumothorax after 
the operation, and the lung could not be reexpanded for a period of 
three weeks, eaen though constant suction to the lung by means of a 
needle in the chest was maintained It was thought that the visceral 
pleura had been torn or seaerely damaged The occurrence of sero- 
sangumous fluid in the pleural space has been so common that it is not 


2 H-irmcl, if H, and Lament, A Ancsthesiologj 7 477 (Sept) 1946 
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regarded as a complication Aspiration is resorted to at the least sign 
of fluid in physical examination Usually a sufficient amount of fluid 
is obtained to warrant the procedure In 1 patient defimte cerebral 
thrombosis developed, but the patient survived and has now almost com- 
pletely recovered The subclavian artery ^vas used for the transplant, 
and the common carotid was not disturbed Apparently periods of 
hypotension dunng the procedure adds greatly to the operative nsk 
In figure 1, which is the anesthesia charts, there is seen in the upper 
chart a slight drop in blood pressure when the carotid was clamped and 
a slight rise when the pulmonary arterj^ was clamped However, there 
IS no great change in either direction The lower chart also shows 
that no significant change has taken place One can predict that 
such a patient will, as a rule, do well in the postoperative penod On 
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Fie 2 — The upper diart shows that the blood pressure was not obtainable at any 
time in an attempted anastomosis of the subclavian and pulmonary artenes (technic 
carbon dioxide absorption, endotracheal intubation) Cydopropane and oxygen 
were used The patient died on the operating table The lower chart shows that 
the blood pressure was not obtainable before the vessds were damped and the pulse 
was not obtainable Anastomosis rvas completed, and the blood pressure later 
returned to normal, but the patient died six hours after operaUon Anastomosis 
was of the subclavian and pulmonarj arteries, and cjclopropane and oxygen were 
used (technic carbon dioxide absorption, endotracheal intubation) 

the other hand, figure 2 shows the anesthesia charts in a fatal case 
Blood pressure tvas not obtainable at any time During the isolation 
of the pulmonai^i arterj' there ivas a decided fall in the pulse rate 
Death occurred before the operation was completed The lower chart 
shows serious fall in blood pressure before the anastomosis w^as begun 
The operation was completed, and the blood pressure and pulse returned, 
but the patient did not survive It is highly desirable, therefore that 
siifficient circulation to the brain be maintained in these C 3 'anotic 
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patients Penods of rest for the patient, when the lung is reexpanded, 
helps a great deal to maintain an even blood pressure and pulse It 
might e\en be Mise to discontinue the procedure until another day if 
the circulation cannot be adequately maintained before tlie anastomosis is 
begun 

One patient in this group desen'es special mention because of his 
mental state A 4^/$ year old boy showed decided evidence of mental 
defiaency He could not talk and could not be taught the simple acts 
of obedience in the home He acted as though he had no cerebrum 
After the operation and while he was convalescing the nurses began 
to notice that the child took interest in things about him He pointed 
to the food he desired, and he began to play with toys He is now in 
a kindergarten school, and his teacher informs me that, m her opinion, 
tins child will be able to enter a regular school 

Addendum — Since this paper was read, there has been sufficient 
time to observe the mental state of this patient Although there ivas 
decided improvement following the operation, the mental status is now 
apparently not progressively improving 

Since the preparation of this paper, 1 1 additional patients have been 
operated on, inth 1 fatality This death was due, at least m part, to 
acute laryngotracheobronchitis 
641 Da-vid Whitney Building 



ANESTHETIC MORTALITY IN INTRATHORACIC SURGERY 
H LIVINGSTONE, MD 
G LIGHT, MD 
J GOTO, MD 

AND 

R ENGEL, MD 
CHfCAGO 

D uring the past thirteen years rapid advancement has been made m 
the surgical management o£ mtrathoracic lesions In 1933 Graham ^ 
performed the first successful removal of tlie entire lung for carcinoma of 
the bronchus Adams and Phemister = made the first successful one stage 
resection of the lower -part of the esophagus and esophagogastrostomy 
for carcinoma performed through the thorax; in 1938 Gross ® in 1939 
repiorted closure of a patent ductus Crafoord and Nylin * in 1944 were 
the first to relieve successfully the ill effects of coarctation of the aorta 
b} resection and anastomosis Blalock and Taussig * in 1944 performed 
the first operation in human beings for the correction of pulmonary 
stenosis 

Intrathoracic surgery is accompanied with many unusual surgical 
and anesthetic hazards The dangers of an open pneumothorax were 
understood b)' Andreas Vesalius,® who in 1555 demonstrated to his 
students at Padua not only the untoward effects on tlie cardiorespiratory 
mechanism of open pneumothorax, with its alterations of intrathoracic 
pressures, but also a means of avoiding or overcoming them For cen- 

From the Department of Surgen of the University of Chicago 
1 Graham, E A and Singer, J J Successful Removal of Entire Lung 
for Caronoma of Bgonchus, JAMA 101 1371-1374 (Oct 28) 1933 

2 Adams, W E , and Phemister, D B Caronoma of the Lower Thoracic 
Esophagus Report of a Successful Resection and Esophagogastrostom>, J Thoracic 
Surg 7 621 (Aug ) 193S 

3 Gross, R E., and Hubbard J P Surgical Ligation of a Patent Ductus 
Arteriosus, JAMA 112 729-731 (Feb 25) 1939 

4 Crafoord, C, and Njlin, G Congenital Coarctation of the Aorta and Its 
Surgical Treatment, J Thoracic Surg 14 347-361 (Aug) 1945 

5 Blalock. A , and Taussig, H. B The Surgical Treatment of Malformations 
of the Heart, J A M A 128 189-202 (Mav 19) 1945 

6 Vcsalms, A Dc corpons humane fabrica libre septum, cited by Brad- 
shaw, H H Anesthesia for Intrathoracic Operations J Thoraac Sure 8 
203 290 (Peb ) 1939 
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tunes the dangers of an open pneumothorax were remembered, but the 
means of ob\iating these dangers w’ere not applied to problems in intra- 
thoracic surgerj"^ 

The need for intrathoracic operations arises frequently in tlie man- 
agement of neoplastic, inflammatory and congenital lesions of the organs 


Table 1 — Inlrathoractc Opcraltons Performed on Six Hundred and 
Eighty-Eighl PaUents 


Operation Number 

Pneumonectomy 48 

Btlobcctomy or partial pneumonectomy 87 

Lobectomy 70 

Ml'ccllaneous exploratory thoracotomies (mostly lor carcinoma) 4* 

Heart or creat ycssols S3 

Mediastinum 87 

EsopbBEUB and cardla 149 

Eepalr of dlaphracm through the chest 14 

Massive resection ol the chest vrall 15 

Sympathectomy 109 

Vagotomy 85 

Extrapleural pneumonolysls and plombage 88 

Total CSS 


Table 2 — Sex Incidence in Six Hundred and Eighty-Eight Intrathoracic Operations 


Mala 

Pemale 



(Percentage In 

(Percentage In 


Operation 

Parentheses) 

Parentheses) 

Total 

Pneumonectomy 

41 (86 4) 

7 (14 0) 

48 

BUobectomy or partial pneumonectomy 

20 (641) 

17 (46.9) 

87 

Lobectomy 

27 (34 6) 

61 (65 4) 

78 

Miscellaneous exploratory thoracotomy (mostly lor 




carcinoma) 

86 (7SS) 

10 (217) 

45 

Heart and rreater vessels 

18 (63 1) 

15 (400) 

83 

Mediastinum 

24 (04.9) 

13 (851) 

87 

E'ophngus and cardla 

125 (83B) 

24 (161) 

149 

Repair ol the diaphragm through the chest 

8 (67 1) 

6 (42 9) 

14 

Ma'slve re'cctlon ol the chest wall (some lung also) 

9 (CO) 

6 (40) 

16 

Sympathectomy 

61 (40 7) 

68 (630) 

100 

\ agotomy 

TO (82 4) 

16 (17 0) 

85 

Extrapleural pneumonolysls and plombage 

21 (65.3) 

17 (44 7) 

S3 

Totals 

449 (08 10) 

239 (3101) 

638 


Within the thorax Primary carcinoma of the lung comprises approxi- 
mate!} 8 per cent of all malignant tumors In men over 20 years of 
age carcinoma of the esophagus is fourth in frequency of all malignant 
tumors It IS said to be surpassed m frequency only by caranoma of 
the stomach, lung and rectum ^ Also, carcinoma of the cardiac end 

7 A.dams, W E. Some Recent Accomplishments of Thoracic Surgery, Arch. 
Surg so 277-285 (June) 1945 
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of the stomach is resected either transthoraacally or, much less fre- 
quently, by thoracolaparotomy 

Many of these patients are grave anesthetic and surgical risks 
Because of the nature of the lesions, a large percentage of the patients 


Table 3 — Affe Incidence 






Tears 






0 to 

10 to 20 to 80 to <0 to 60 to 60 to 70 to 80 to 

Opciatlon 

Q 

19 

29 

89 49 

69 

60 

79 

89 

I?ncumonoctoiDy 


1 

2 

2 18 

17 

10 



Bnobcctomy or partial pneumonectomy 

2 

6 

12 

8 4 

2 

2 

1 


Lobcetomy 

lUscollBnconB exploratory thoracotomy 

6 

18 

82 

10 7 

7 

4 



(mostly tor carcinoma) 


1 

1 

2 11 

23 

6 



Heart and creater vessels 

6 

10 

6 

6 6 


1 



ilcdlasUnum 

1 

2 

8 

9 8 

U 

2 

1 


Esophagus and cardla 

1 

2 

8 

6 24 

46 

65 

10 

6 

Ecpalr ot the diaphragm through the chest 
Massive resection ol the chest Tvall (some lung 

1 


1 

1 6 

4 


1 


also) 

a 

2 

1 

1 8 

4 

1 

1 

* 

Sympathectomy 


8 

14 

SO 89 

12 




Vagotomy 


4 

4 

20 22 

80 

e 



Extrapleural pncumonolysls and plombage 


2 

6 

14 12 

3 

1 



Totals 

19 

61 

85 

US 168 

168 

87 

14 

6 


Table 4 — Physical Siaic 






Emergency 

Operation 

Good 

Pair 

Poor 

Sorlons 

BerlouB 

Pneumonectomy 

2 

15 

20 

11 


Bllobcctomy or partial pneumonectomy 


16 

16 

6 

1 

I/)bcetomy 

6 

SO 

39 

6 


Miscellaneous exploratory thoracotomy (mostly 






lor carcinoma) 

4 

12 

10 

9 

2 

Heart and great vessels 


4 

10 

18 


Mediastinum 

8 

12 

12 

4 

1 

Esophagus and cardla 

10 

Cl 

61 

14 

1 

Itepalr of the diaphragm through the chest 

S 

6 

3 


1 

Massive rc'octlon of the chest vail (some lung 






also) 

2 

9 

3 

1 


Sympathectomy 


20 

69 

20 


Vagotomy 

63 

SO 

8 



Extrapleural pncumonolysls and plombage 


16 

10 

10 

2 


— — 



— 

-1— 

Totals 

87 

230 

271 

92 

8 

Percentage 

127 

834 

894 

134 

14 


are dehydrated and undernourished, anemic, coughing and dyspneic and 
ha\ c other manifestations of serious alterations in their cardiorespiratory 
mechanisms Because of the senous anesthetic and surgical nsk, it 
seemed timely to imcstigate the outcome in mtrathoracic operations 



Fig 4 — Lateral mcw of tumor showing projection anterior and postenor to 
stemnrn and stumps of costal cartilages 
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Sutures of tantalum wire were used through the plate and the costal cartilages 
to add additional stability Flaps of skin were replaced The subcutaneous 
tissues were closed with interrupted silk ligatures and the skin closed in the 
same manner Blood and air were aspirated through catheters in both pleural 
cavities At the end of the operation the catheters were removed, giving airtight 
closure to the chest 

During the operation, whole blood and plasma were administered to maintain 
the level of blood pressure, and oxygen exchange was maintained by intermittent 
positive pressure. 

Gross Observations — Ihc specimen (figs 4 and 5) consisted of a large irregular 
firm ovoid mass which was projecting above and below tlic body of the sternum 

The stumps of five costal cartilages projected from tlic lateral margin The mass 
itself, projecting above the sternum, measured 10 by 11 by 13 5 cm in diameter The 



Fig 5 — Longitudinal section Lower end of body of sternum is shown in the 
lower eenter and upper end in the upper right and left corners 


portion on the other side of the ribs measured 9 by 6 S by 3 5 cm in diameter 
Grossly, it was a firm multilobulated mass which contained numerous cystic 
gclatinous-likc structures protruding from the lateral margin. Similar cartilage 
cysts were found in the substemal region On section the tumor was grayish 
pink and somewhat gelatinous and there were areas of hemorrhage situated in the 
central portion The tumor seemed to arise from the body of the sternum, which 
showed invasion and destruction 

Microscopic Observations — The section is comjioscd mostly of cartilage tissue 
with deep basophilic-staimng stromas, and the nuclei arc markedly pyknotic These 
were located in the lacunas, which varied in size and shape. These portions of car- 
tilage were arranged in irregular shapes, and there were intervening spaces in which 
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lat ccllc and red blood cells could be seen In one section cartilage arising from 
osteoid tissue rvas seen Numerous ^*ascular channels appeared between the tra- 
beculae of bone, and there was occasional erndence of bone formabon The adjacent 
tissue had the appearance of fibrous stroma, in which the nuclei w-ere large and 
appeared to be undergoing marked proliferation 

Diagnoses — The diagnosis was osteochondrosarcoma 

Postoperative Course— The immediate postoperative course was uneventful 
eveept for transient pain in the chest, tachjcardia and djspnea For the first ten 
davs the tantalum plate buckled with each respiratory movement Later the 



Tig 6 Roentgenogram made si\ weeks postoperatively showing tantalum 
phte in position 

thickening of surrounding tissues stabilized the plate so that buckling could 
neither be heard nor felt Roentgenograms made on the seventh postoperabve 
dav showed a considerable amount of fluid in both pleural spaces Several thoracen- 
teses were done for accumulabon of sterile fluid in the pleura On the tenth 
postoperative daj a small amount of serosanguineous drainage occurred from the 
vertical limb of the incision Fifteen davs postoperabvely, tenderness of the 
left calf, wath edema, developed. The following day the left femoral vein was 
ligated under local anesthesia The edema and tenderness in the leg improved. 
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Thoracenteses were continued' at infrequent intervals until September 19 
Roentgenograms of the chest on this date and on October 11 showed no further 
effusion and only a slight amount of pleural thickening (fig 6) The incision 
continued to dram serosanguineous fluid, and on September 29 several large clots 
were evacuated through an opening m the inferior angle of the incision The 
patient continued to improve, although slight drainage persisted (fig 7) Several 
courses of penialhn were given to prevent and control infection However, 
clots and blood continued to accumulate about the plate, apparently because of 
the motion of the thoracic wall For this reason the plate was removed on 
November 13 



P'S 7 —Postoperative view showing small sinuses which drained clot and 
old blood until the plate was removed 

After removal of the plate there was no evidence of paradoxic respiration 
and the soft tissue of the anterior thoracic wall had become thickened and toughened 
Drainage ceased, and the wound healed. 

COMMENT 

The larg^ tantalum plate used in this patient was completely effective 
in preventing paradoxic respiration and maintaining good respiratory 
exchange dunng the postoperative period The plate buckled with 
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HERNIAL REPAIR USING COOPER'S LIGAMENT 

Follow-Up Studies on Three Hundred and Sixty-Seren Operations 


HENRY N HARKINS, M D 

SEATTtE 

AND 

RICHARD H SCHUG, M D 
DETROIT 

D uring the past seven years we have studied a method of hernior- 
rhaphy which utilizes Cooper’s ligament m situations in Tvhich 
one would customarily use Poupart’s hgament This method was first 
advocated by Lotheissen^ for use m femoral hernia and was extended 
to direct and some indirect hernias on the basis of the anatomic studies 
of McVay and Anson ^ ( 1940) 

The conventional operations for the repair of hernia m the grom 
generally mvolve two pnnaples 1 Indirect ingmnal, direct mgiunal 
and femoral hernias are repaired by different methods 2 When an 
inguinal approach is used, some structure is sutured to Poupart’s hga- 
ment The present method disregards both of these tenets and consists, 
m bnef, of two essential features 1 Those structures usually sutured 
to Poupart’s ligament are fastened instead to Cooper’s ligament (the 
hgamentum pubicum supenus B N A) 2 Essentially the same techmc 
can be used for all hermas of the groin, whether they are indirect or 
direct, mgumal or femoral, simple, sliding, incarcerated or strangulated 
The present study mcludes three hundred and sixty-seven hermas 
m the groin treated by the technic which utihzes Cooper’s ligament 
during the seven year penod subsequent to April 1940 

Read at the fourth annual meeting of the Central Surgical Assoaation, Chicago, 
Feb 22, 1947 

From the Department of Surgery, Johns Hopkins University and the Johns 
Hopkins Hospital, Baltimore, and the Division of General Surgery, Henry Ford 
Hospital, Detroit 

1 Lotheissen, G Zur Radikaloperation de Schenkalhernien, Centralbl f 
Chir 25 548-550, 1898 

2 Anson, B J , and McVay, C B Ingumal Hernia I The Anatomy of 
the Region, Surg, Gynec & Obst 66 186-191 (Feb 1) 1938, Aponeurotic and 
Fascial Continuities in the Abdomen, Pelvis and Thigh, Anat Rec. 76 213-231 
(Feb 24) 1940, Composition of the Rectus Sheath, ibid. 77 213-225 (June 25) 
1940 
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HISTORIOVL DATA 

The principle of suturing the transversalis fascia and the attached 
structures to Cooper’s ligament is not new Apparently Narath => was 
the first to use this technic, but especial credit should go to Lotheissen 
( IS9S), who made the first written report Lotheissen used the technic 
m 12 cases of femoral hernia, wnth no recurrences, the longest penod 
(if oliscnation being one year His method involved an exposure of 
Cooper's ligament by slight lateral retraction of the femoral vessels 
I tc then sutured the muscular edge of the internal oblique to Cooper’s 
ligament with four to five heavy silk stitches Lotheissen refers to this 
step of the procedure as follows “Then comes the most difficult act, 
the draw ing out through the ligament of Cooper ” 

Other writers on the subject w'ere Fischer,^ Groves,® Stetten,® 
\ndrews," Kejnies,® Dickson,® MeVay,^® Goinard,^^ McClure and 
Tallis Amendola,” Neuhof,^^ MeVay and Anson, Harkins, Szilagyi, 
Brush and Williams,*® Harkins and Swenson,** Hyde,*® Sauer,*® Clark 

t Narath flSPS) cited bj Lotheissen ^ 

4 Fischer, H Lotheissen’s Operatioij^ for Femoral Hernia, Ann Surg 69 
412 414 (Apnl) 1919 } 

1 Groves, E W A Note on the Operation for the Radical Cure of Femoral 
H.rnia Brit T Surg 10 S29-531 (April) 1923 

(1 Stetten, DeW Further Observations on a Modified Inguinal Hemioplasty 
Tuliiiu with Completed Utilization of the Aponeurosis of the External Oblique, 
\nn surg 78 48-60 (July) 1923 

7 Andrews, E The Closure of Large Femoral and Ingilinofemoral Defects 
T he Result of Destruction or Relaxation of Poupart’s Ligament, Surg , Gynec & 
Ohst 39 754 759 (Dec.) 1924 

8 Ke\nes G The Modern Treatment of Hernia, Bnt M J 1 173-179 
I I in J'M 1927 

' h --Mm, A R Femoral Herma, Surg, G>’nec & Obst 63 66S-669 (Nov ) 

I'W 

U> _Mc\ u C B An Anatomic Error m Current Methods of Inguinal 
III riiiorrha,ihj Ann Surg 113 1111-1112 (June) 1941 

11 I oimrd P Cure radicale de certaines hernies inguinales par fixation du 
. n)oint an ligament de Cooper, Pressc med 47 872 (May 31) 1939 

12 MiClure R D, and Fallis, L S Femora! Hernia Report of Ninety 
Opt-raiionb Ann Surg 109 987-1000 (June) 1939 

1 1 \mcndola, H Repair of Hernia with a Silk Binding Stitch, read before 
tlic New \ork Surgical Society, OcL 8, 1941 

14 \euhof, H An Operation for Inguinal Hernia Based upon the Utilization 
..f Coopers Ligament, Surgery 12 128-132 (July) 1942 

1 ^ MeVay, C B , and Anson, B J Fundamental Error m Current Methods 
.f Inguinal Hcmiorrhaph> , Surg, Gjmec. & Obst 74 746-7S0 (March) 1942 

U. Harkins. H N , SziIagyi D E , Brush, B E, and Williams, R Qinical 
I Npcranccs with the McVa> Hemiotomj One Hundred and Thirti-One Personal 
Ca^cs Surgerv 12 364-377 (Sept) 1942 

(Footnotes conUniied on next page) 
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and Hashimoto,"® McLaughlin and Brown, Mattson,^- Blodgett,^® 
Burton and Gamer 

The article by McVay and Anson summarizes tlie coordinated 
views of these men concerning the true nature of inguinal hernia and the 
proper repair of the condition They stated 

In the more common types of inguinal herniorrhaphy the transversahs fasaa 
and, vanously, the transversus abdommis and internal oblique layers are sutured 
to the inguinal ligament, providing a poor substitute for their normal msertion 
The inguinal ligament is not tlie msertion of the transversahs fascia, the transversus 
abdomims aponeurosis, or the internal oblique aponeurosis , its relationship to 
these structures is simplj^,one of contiguity From an anatomical standpomt this 
IS reason enough for endeavoring to find some other structure for* anchorage 
Moreover, from a surgical point of view, the inguinal ligament does not make a 
suitable substitute for their regular insertion because of its character In 

the repair of large indirect and direct ingumal hernias, it is recommended that the 
mgumal layers be sutured to Cooper’s ligament and not to the inguinal ligament 
It IS pointed out that the ingumal ligament is neither the normal insertion of the 
inguinal strata nor a suitable substitute for such attachment, on the contrary, the 
superior pubic ligament, Cooper’s ligament, which is the normal insertion, is readily 
accessible, mtrmsically strong, and directly fixed to bone 

The anatomic studies of McVay done under the direction of Anson 
in the Department of Anatomy of Northwestern University and later 

17 Harkins, H N , and Swenson, S A , Jr A Cooper’s Ligament Herniotomy 
Chmcal Experience in Three Hundred and Twenty-Two Consecutive Cases, S Chn 
North America 23 1279-1297 (Oct ) 1943 Swenson, S A , Jr , and Harkins, 
H N The Surgical Treatment of Recurrent Ingumal Hernia with Special 
Reference to a Cooper’s Ligament Hermotomy and the Use of Free Fascia Grafts, 
Surgery 14 807-818 (Dec ) 1943 Harkins, H N The Surgical Treatment of 
Henna, New Orleans M & S J 99 47-49 (Aug ) 1946 

18 Hyde, T L Inguinal Herniorrhaphy, Am J Surg 69 182-189 (Aug ) 
1945 

19 Sauer, I Hernia inguinal Leus dismorfismos e maneira de corngi-los 
(tecnica de Lotheissen-McVay), Rev m6d mumc 6 419-433 (May-June) 1945 

20 Qark, J H , and Hashimoto, E I Utilization of Henle’s Ligament, 
Iliopubic Tract, Aponeurosis Transversus Abdominis and Cooper’s Ligament in 
Inguinal Hermorrhaphy A Report of One Hundred and Sixty-Two Consecutive 
Cases, Surg, Gynec. & Obst 82 480-484 (April) 1946 

21 McLaughlin, C W , Jr , and Brown, J R. Inguinal Hernias and Allied 
Defects in Naval Recruits An Analysis of 1,406 Patients Admitted to Surgical 
Treatment, Surgery 19 267-274 (Feb ) 1946 

22 Mattson, H^ Use of Rectus Sheath and Superior Pubic Ligament in 
Direct and Recurrent Inguinal Hernia, Surgery 19 498-503 (April) 1946 

23 Blodgett, J B A Study of the Effects of Early Rismg in the Post- 
operative Period, read at the meebng of the Society of Umversity Surgeons, 
Boston, Feb 13, 1947 

24 Burton, C C Rationale and Factors for Consideration m Cooper’s Liga- 
ment Hemioplasty, Intemat Abstr Surg 85 1-8 (July) 1947 

25 Garner, A D Inguinal Hernia An Analysis of 2,643 Operations Am J 
Surg 74 14-23 (July) 1947 



603 


ARCHJl ES OF SURGERY 


applied to the surgical repair of hernia by jMc\ aj are succinctly expressed 
in the prc\ ions paragraph After heanng a lecture by MeV a} m April 
1940 one oi us (H N H ) began the present study After applying 
Mc\'a\’s principles to the surgical repair of three hundred and sivty- 
scien hernias ot the groin ue ha\c little to find at variance with his 
opinions 

COOPFRS ITG\MCXT (lIGAMEXTUM PUEICUH SUPEKIUS) 

The relationships betu een Cooper’s ligament and the pubis below and 
Poupart’s (inguinal) ligament above are clearly shown in figures 1 



Fig 1 — Cooper s ligament View of the left half of the pelvis with attached 
ligaments The relationships between the firmly anchored Cooper’s ligament and 
the loose inguinal ligament are clearly showm 


and 2 Cooper’s ligament has received relatively little attention in the 
literature Seehg and Tuholske stated “It is equally unfortunate 

26 Seelig, Jf G , and Tuholske, L The Inguinal Route Operation for 
Femoral Hernia, \\ ith a Supplemental^ Note on Cooper’s Ligament, Surg , Gynec 
S. Obst 18 55-62 (Jan ) 1914 
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that probably the most important structure utilized in the closure of 
the femoral ring, namely, Cooper’s ligament, is not only not pictured m 
any of the anatomies but also is not adequately described in most of 
tliem ” Cooper’s ligament was first described by Sir Astley Cooper 
when he pictured the os pubis as being “covered by a ligamentous 
expansion, which forms a remarkably strong production above the Imea 
ihopectmea, extending from the tuberosity of the pubis outward and 
projecting from the bone over that line ” 



Fig 2— The relationship betw^een femoral herma and Cooper’s ligament 
Seelig and Tuholske Surg , Gyuec & Obst 18 57, 1914 ) 


(From 


SELECTION OF CASES 

In the penod between April 24. 1940, and June 30, 1943, three 
hundred and twenty-two operations utilizing Cooper’s ligament were 
done at the Henry Ford Hospital In the period from July 1, 1943, 

to Jan 12, 1947, forty-five such operations were done at the Johns 
Hopkins Hospital 


27 Cooper, A (1804), cited H Seehg and Tuholske 
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Dunng the period from April 24, 1940, to Aug 31, 1941, the pro- 
cedure \\as used by one of us (H N H ) in the treatment of only 
large indirect, direct or femoral hernias Dunng the entire period of 
studi the procedure i\as applied by the assistants only in the more 
difficult cases Thus any selection of matenal was to the distinct dis- 
adiantage of the technic utilizing Cooper’s ligament, the simpler hernias 
licing treated b) the better known Bassini method or by the original 
Halsted method 

From Sept 1, 1941 until the close of the study on Jan 12, 1947 
( a period of over five years) one of us (H N H ) used the Cooper 
ligament technic in all cases except 1 , in this instance a simple con- 
genital hernia in a young man with strong fascial structures was operated 
un in October 1946 by the modified Halsted method without trans- 
jinbition of the cord 

TECHNIC 

' iE\ER\L Principles — The general principles of Cooper’s ligament 
Util lie ot repair of hernia as applied by us include the following 

1 Silk sutures were used throughout in all cases In no instance 
u the senes at the Henry Ford Hospital was a single silk suture 
1 Ktruded from the wound In the 45 cases m the senes at the Johns 
! [opkint Hospital infected silk had to be removed from the hernial 
\\.-unds in 2 Except for purse-string sutures, all stitches were of the 
intcrru) ltd Upe 

2 anesthesia was employed in most cases It is felt that 
'ki ^rfatcr lelaxation given by_ this type of anesthesia outweighs its 
'' uie disadnntages Occasionally supplementary anesthesia with 
, i' ' %\gen and ether was employed, in older patients or in others m 
N' ' ' u' tht ri^k was poor, local anesthesia avas preferred 

•> ■'ku' towels lastened to the edges of the wound were used in all 
’ I > ' ' In tlie senes at the Henry Ford Hospital shaving of the skin 
I'ld j rtluniiura «tenie preparations were done the evening before, 
lolluwcd li\ the ipplicatmn of a 3 5 per cent solution of iodine at the time 
> 1 rperuion In ih( group of patients at the Johns Hopkins Hospital 
t V dial ing and the cttlier preparations were done at the time of operation 

■t Rest in bed for twelve days w'as advocated at the Henry Ford 
’iei'-jntd in rises m simple unilateral hernia, with discharge from the 
bo-^pital un tlic fourteenth day Patients with bilateral hernia were kept 
m licd lor ntteen da\s and those with recurrent hernia for nineteen days 
Ktturn to full manual labor was permitted in five weeks for patients 
with “iimple hernia and in six weeks for the patients with bilateral or 
recurrent hernia Dunng the past two years, almost all patients have 

been encouraged to get out of bed in less than twenty-four hours after 
operation 
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5 The time required for the operation is no greater than that for 
tlie more conventional procedures The only special equipment needed 
IS a round small cun'^ed Ma 3 'o needle (no 6 or 7) and a good needle 
holder A Bland or a Jones needle holder is desirable but not abso- 
lutely essential 

SxEPS — The repair of hernia m the groin which utilizes Cooper’s 
ligament can be divided into ten steps A step by step outline of the 
procedure follows 

1 Erposnre of the Cord and Opening of the Indvect Sac — The 
incision m the skin is made from 1 cm medial to the anterosuperior 



Fig 3 — Cooper’s ligament herniorrhaphy — incision of the skin and beginning 
of inasion of the external oblique aponeurosis The external oblique aponeurosis 
IS usuallj opened in the direction of its fibers so that the opening will be even 
with the upper border of the external rjng The underlying iliohypogastric nerve 
IS carefully avoided (From S Clm North Ainertca, October 1943 ) 

ihac spine to over the pubic spine, which exposes the external oblique 
aponeurosis The external ring is exposed and the external oblique 
aponeurosis split in the direction of its fibers even with the upper border 
of the ring to allow for an adequate lower flap This splitting with the 
scalpel is best begun 3 cm from the nng, as shown in figure 3, to avoid 
the nerves where they are adherent to the ring The split is then 
extended laterally and upward with scissors and then more carefully 
downward in the direction of the external nng after the iliohypogastric 
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ntr\e which is often adherent to the under surface of the external oblique 
aponeurosis at tins le\ el, has been carefully peeled awav When cutting 
occurs accidcntalh . it is usually near the external ring, and it may be 
jirciented b> approaching the latter from the lateral side The cord 
and the surrounding structures are then separated from the lower leaf 
ot the external oblique aponeurosis and Poupart's ligament and then 
from the region of the pubiq spine and conjoined tendon so that finally 
tlic cord IS freed entirely except at both ends The indirect sac, which 
is nlwais present e\en in normal persons is located upward and medially 
irom the intemal ring 

In all cases, whether the hernia is indirect inguinal or femoral, the 
indirect sac is opened In many cases of direct inguinal hernia or 
femoral hernia the indirect sac wull be normal in size, but it can always 
be found above and medial to the cord In cases of complete indirect 
inguinal hernia of the congenital type or m cases in winch the hernial 
sac is long the latter is cut across near the internal ring and separated 
from the cord The proximal end is closed by an intemal purse-string 
suture, as outlined later, wdnle the distal end is left m place Many 
surgeons are of the belief that to leave the distal sac in place will cause 
Indrocele This has not been our experience, and w'e believe that the 
lieniatomas that result from the remoral of the distal sac are far more 
(.h'.astrous than anv theoretic occurrence of hydrocele 

2 n\pIoiatwn oj H^ssdbach’s Tiiaiigle and of the Femoial Rtiig — 
< luce the indirect sac is opened, it is a simple matter to to insert the 
gloced linger and feel Hesselbach's triangle for a direct weakness or 
oiicKius direct hernia and to feel the femoral ring It is indeed sur- 
prising how few' surgeons W'lll take the extra thirty seconds to perfonn 
this exploration, and many femoral and direct hernias that ‘Tecur” are 
occrlooked because this maneuver was not performed Exploration ivith 
the linger tip as show'n in figure 4 of the femoral ring and Hesselbach’s 
inaimlc should be an assential feature of all hernial repairs 

1 1 1 (.unit I Mancuvci — Transposition of Direct O) Femoial Sacs 

Into tin Indirict Sac — If a direct sac is present as shown in figure 5, it 
should be transposed laterally to the inferior epigastric vessels by the 
technic ol Hoguet ( 1920), which has since been popularized by Fallis 
Thu^ the direct and indirect sacs are com erted, into one This step 
mac be described m Hoguet’s ow'n w'ords as follows “By traction out- 
ward on the indirect sac, all of the peritoneum of the direct sac may be 
pulled external to the vessels and the two sacs converted into one An 
indirect ^ac can alwajs be found in these cases, although it may be verj' 

28 Hoguet, J P Direct Inguinal Hernia, Ann Suvg 72 671-674 (Dec ") 
1020 

^ ^ Inguinal Hernia A Report of 1,600 Operations, Ann Surg 
104 403-418 (Sept ) 1936, Direct Inguinal Hernia, ibid 107 572-581 (April) 1938 
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small ” The same procedure may be used to convert a femoral sac into 
an indirect sac, as practiced by McClure and Fallis This maneuver 
IS extremely useful In general, no matter how large a direct sac is it is 
not opened but is merely transposed In the case of large direct sacs the 
transversalis fascia can be infolded witli numerous interrupted silk sutures 
One advantage of not opening a direct sac is tliat the danger of opening 
the bladder is largely obviated In some instances all three sacs can be 
converted into a single indirect sac, which in turn can always be dealt 
with as described in step 4 

4 Int^nal Purse-String Closure of Indued Sac — The indirect sac, 
whether it is simple or enlarged by the added conversion of direct and 



, Fig 4 — Cooper’s ligament herniorrhaphy — exploration through the opened 
indirect sac. The latter is always opened and any femoral or direct sac is trans- 
posed by the method of Hoguet to become part of the indirect sac. The tip of 
me examinmg finger is in a small direct sac (From 5^ Chn North America 
October 1943 ) 

femoral sacs, is then closed with an internal purse-string suture of 
■medium or heavy silk, as shown m figure 6 Many stitches are taken 
■vvith a round noncutting needle so as to include all crevices Such a 
-closure is done as high as possible to prevent indirect recurrences 

5 PlasUc on the Internal Ring — MacGregor’s Maneuver — ^When 
the free ends of the purse string are cut and the peritoneum snaps back, 
the defect in the transversalis fascia at the intemal ring is seen to be 
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large and in many instances %\ill admit e\en tliree or four fingers 
The fascia is grasped •v\ ith Allis clamps at numerous points around the 
internal ring above and medially as far as the inferior epigastric vessels — 
hut not inferior to the cord— and a second partial or semilunar purse- 
string suture of medium or heavy silk is made m the transversalis 
fascia This ensures a snug fit around the cord, but the purse string 
Itself docs not surround the cord Essenbally this step involves the 
sutunng of the transversalis fascia, Henle’s ligament and cremaster 
muscles together Occasionally the conjoined tendon may be included 
m the sutures, but the shelving edge of Poupart’s ligament should not be 



Fig 5— Coopers ligament herniorrhaphy — Hoguet's maneuver The direct 
pc has now been transposed and the gauzc-tipped Kuttner dissector is holding 
back the intestines (From d" Chit North America, October 1943 ) 

included since the normal and desirable retractile sphmcter-Iike action 
of the internal ring demonstrated by MacGregor would be interfered 
with The use of Henle’s ligament has been especially described by 
Qark and Hashimoto 


30 MacGregor, W W The Demonstration of a True Internal Inguinal 
Sphincter and Its Etiologic Role m Hernia, Surg, Gjmec & Obsk 49 SIO-SIS 
(Oct ) 1929 . The Fundamental Operative Treatment of Inguinal Hernia, ibid 50 
438-440 (Feb) 1930, Observations on the Surgical Treatment of Hernia, Ann 
Surg 122 878-884 (Nov ) 1945 
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6 Relavatwn oj the Internal Obhque Muscle — The inner layer of 
tlie antenor rectus fascia is usually split for a distance of about 3 inches 
(7 6 cm ) from a point 2 cm above the pubic spine upward and laterally 
This is done almost exactly as described by Rienhoff and as shown 
in figure 7 The external oblique is lifted up by the assistant and the 
internal obhque cut just lateral to the junction of the two to where they 
form the linea alba The rectus and pyramidalis muscles are exposed 
The iliohypogastnc nerve and the adjoining nerves and vessels which 
enter the rectus muscle through the internal obhque aponeurosis at this 
point can be avoided easily This relaxation allows the internal oblique 



Fig 6— Cooper’s ligament herniorrhaphy— internal purse-string suture This 
^ure completely closes the sac and by small bites obliterates all its folds The 
i^unoant sac (proximal to its division and distal to the purse-string suture) is 
y placed inside the mternal ring but, if large, may be excised (From Chn 
North America, October 1943 ) j vj 


and the attached transversahs fascia to be pulled down for the subsequent 
repair without tension 

7 Sutures Into Cooper’s Ligament — ^The “red” muscle of the 
internal obhque is entirely disregarded and even may be excised for 
convenience where it overlies the “conjoined tendon” Usually it is 


31 Rienhoff, W F , Jr The Use of the Rectus Fascia for Closure of the 

8 326 - 3 ^ TaS) ^ 94 ^^ 
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cle\ated \Mtli a small retractor and the "conjoined tendon” located with 
a gauze (Kuttner) dissector If the trans\ersalis fascia appears strong- 
enough, It alone is used for the upper leaf of the repair If it is not 
adequate, one must go higher and include the internal oblique aponeu- 
rosis In no instance, however, should “red" muscle be used The 
transversalis fascia, and often the “conjoined tendon” therefore, forms- 
the upper leaf of the repair, w-hile Cooper’s ligament is the lower leaf 
As stated previously, Cooper’s ligament is an extremely tough thick- 
ening of the penosteal structures on the anterosupenor surface of the 
anterior ramus of the pubis 



Fig 7 — Conper’s ligament herniorrhaphy — plastic closure of internal ring and 
relaxation ol internal oblique muscle The internal ring has been closed by a plastic 
stitcli in the iransiersalis fascia while the internal oblique has been relaxed close- 
to its junction with the external oblique aponeurosis to form the Iinea alba Ai> 
ittOTpt is made to spare the nerves and accompanying blood vessels (From, 
S C/m Sort/i /rntneo, October 1943 ) 

During the first )ear or so that this repair w'as used, Cooper’s liga- 
ment was Msuahzed by breaking down Hesselbach’s triangle Then for 
a tear or so the sutures were applied blindly, Hesselbach’s triangle being- 
left intact Recentlj however, there has been a return to the prinaple 
of direct Msualization ot Cooper’s ligament, it being decided that it is 
caster and safer to apph the sutures when there is direct vision 
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McVay"- uses the method of direct visualization After sepal ation of 
the fascia over the anterior ramus, Cooper’s ligament is exposed The 
left index finger is placed on the anterior ramus of tlie pubis near the 
spine and moved laterally along the crest until the femoral vessels are 
reached This is usually about 4 cm lateral to the spine of the pubis 
Since the finger is held in close contact with the bone, the vessels being 
kept lateral, and the first stitch is placed medial to the finger there i& 
little danger of damaging the vessels^ The first stitch is thus usually 
3 to 4 cm lateral to the pubic spine Therefore, since the upper leaf is 
to be grabbed with the suture first, the needle goes through the tians- 



Fig 8 — Cooper’s ligament herniorrhaphy — first Cooper’s ligament suture This 
^ture joins tlie transversalis fascia and adjoining “conjoined tendon” above to 
cooper s ligament below The most lateral suture is placed first and is separated 
rom the femoral vessels, which he laterally, by the tip of the left index finger of 
C(Mper’T\'i^m^ finger being held tightly in contact with the pubic bone underlying 

versahs fascia a corresponding distance of about 4 cm from the pubic 
spine and then through the thick Cooper ligament on the upper border 
of the pubic ramus The stitch is then tied as shown m figure 8 and 
the intervening gap between this point and the pubic spine is closed 
I'ltli three or four similar sutures, as shown m figure 9 The most 
medial sutu res usually go through Gimbernat’s (lacunar) ligament as 

32 McVay Personal communication to the authors, Feb 21, 1947 
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suture in conjunction with his operation for direct hernia The space 
betiveen the most lateral stitch in Cooper’s ligament and the plastic 
suture on the internal nng often seems to be a possible weak spot to 
those doing the operations for tlie first time Actually this is not so, because 
the arched mtemal oblique muscle will tend to close tins defect on con- 
traction Any attempt to tighten it by suturing the internal oblique or 
“conjoined tendon” to Poupart's ligament defeats the purpose of the 
operation Such a step interferes with the sphincter-like action of 
the internal ring and tends to pull the transversahs fascia away from 
Cooper’s ligament 



herniorrhaphy— superficial closure. The cord is 
the external oblique aponeurosis (as in 
closed ^v^th interrupted silk sutures in 


the figure), 
layers over 


drnSlli 10— Cooper’s ligan 
dropped into the -dead space 
Sc^-ra^fascia and the skin 


8 Closure of the External Oblique Aponeurosis —In the first thin 
of this senes of cases the external oblique aponeurosis was closed beneatl 
Z.Zu Halsted-I procedure m th 

lioii ^ thi^'ds of the senes 

dronilT latter beinj 

the mual r "ecentli 

ual closure of the external oblique has been done m a typica 
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Bassini manner (97 per cent) We call these two variations of the 
procedure the Halsted-I-Lotheissen and the Bassmi-Lotheissen There 
has been one recurrence when the former method was used and two when 
the latter was used In both procedures tlie evtenial oblique is closed 
with interrupted fine or medium silk sutures, little if any imbrication 
being used 

9 Closure of Scarpa’s Fascia — Closure of Scarpa’s fasaa with small 
bites ot the suture seems more sound anatomically and leaves less silk 
than does suture of the fat w ith large bites taken at random The sutures 
are preterably placed so that the knot will be down 

10 Closure of the Shut — Interrupted mattress sutures of silk are 
adMsable for this step The proper closure of the lower third of the 
wound inside the hair line is of especial importance 


Table 1 — Scr of Patients 




Nnmber of Patients 

Percentage 


Male 

2SC 

97 


Female 

S 

3 


Total 

m 

100 


Table 2“^Sid^ 

on Which Henna Occurred 



Knmber of Patients 

Percentage 


Right 

ns 

40 


Lett. 

102 

SB 


Bilateral 

74 

SB 


Total 

201 

100 


MATERIAL 

With the use of the Cooper ligament technic as described, three 
litindred and sixtj'-seven hernias have been repaired dunng the past 
seten tears The operations were done by one of us (H N H ) and 
b\ fourteen members of the resident staff under his direction 

Sex —The predominance of males in this senes (97 per cent, as 
show n in table 1 ) reflects the usual sex difference, which is much exag- 
gerated b\ the industrial occupations of the chentele 

Sidt —The right side was operated on most often, as shown m table 2, 
while in 74 instances a bilateral repair was performed The table refers 
to this t\ pe of operation only , in several instances, especially early m the 
senes procedures were done on the other side which are not listed 
In ei eri such instance the operation through Cooper’s ligament ivas per- 
iorincd on tlie side with the largest hernia For technical reasons a 
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Lotheissen operation on the left side is more difficult for a nght-liaiided 
surgeon than a similar operation on the right side 

Classification —As seen m table 3, the incidence of the vanous types 
of hernia represented is approximately that found in an average series 
except that there were a large number of patients with direct inguinal 
weakness and also a large number with recurrent hernia (usually follow- 
ing operations done elsewhere) The high incidence of direct hernias 
is partly due to the fact that early in the series, when the procedure was 
still viewed somewhat as an experiment, it was used especially for direct 
hernias Later, however, it was used in all cases, and during one five 
year period one of us (H N H ) used no otlier type of repair Another 
reason for the large number of direct hernias is that with routine inspec- 
tion of Hesselbach’s triangle with the gloved index finger from inside 
we detected a large number of direct weaknesses that would othenvise 
go unnoticed The large number of operations for recurrent hernia 

Table 3 — Types of Herma Represented 


Olaselficetloa 

Number oI Hernias 

Percentage 

Simple Indirect 

16d 

46 

Simple direct 

fl5 

23 

Indirect and direct (saddle bag) 

5C 

15 

Femoral and Indirect 

8 

2 

Femoral and saddle-bag 

3 

1 

Sliding 

3 

I 

Incarcerated 

6 

2 

Recurrent Indirect 

20 

62 

Recurrent direct 

21 

62 

Recurrent lemoral 

1 

02 

Recurrent saddle bag 

1 

0,3 

Total * 

S73 

100 


* Including several daplIcattonB 


(fortj'-one, in seven of which there was reenforcement with stnps of 
free fascia lata) represents the unusually high incidence of 11 per cent 
in the entire senes of three hundred and sixty-seven operations Many 
of the patients had been operated on more than once before In 1 case 
our operation was the fifth done for a single femoral hernia None of 
these hernias previously operated on have recurred after our operations 


Follow-Up Studies — Completion of the follow-up studies proved 
difficult because of wartime migrations and employment difficulties As 
seen m table 4, slightly more than one third of the patients have been 
followed for more than two years Many other patients reported excel- 
lent results by letter or were even seen afterward for other complaints 
by other physicians However, for the purposes of this study the only 
oilow-up observations included are those involving actual examination 

kK ihf T ^ Furthermore, if tlie 28 patients operated on 

an tivo years before this paper was written and hence not elieible 

cenlSfoZ Tr“ excluded, the p“ 

ag ollowed for over two years is raised from 35 to 39 



705 


4RCHIFLS or SURGERY 


There ha\ e been three recurrences, as described in the following case 
reports 

Case 1 —V M , a man aged 46 j ears, had a bilateral indirect inguinal hernia 
repaired by the original Halsted-I-Lotheissen method on Nov 26, 1940 The right 
side was repaired by an assistant resident and the left by one of us (H N H ) 
A recurrence of the hernia on the right side was discovered in April 1942 
(se\entecn months after operation), and reoperation was performed on the twenty- 
eighth day of that month At operation an indirect sac 2 cm in diameter was 
found, possibly because the internal ring had not been closed snugly enough 

Case 2 — Repair of an mdirect inguinal hernia on the right side ^vas done by 
one of us (H N H ) on Sept 29, 1942 Soon afterward the patient jomed the 
army, and in May 1945 (thirty-two months after operation) while jumpmg from 
a landing craft with a full pack m the Southwest Pacific he noted a pam in tlie 
right groin Two months later a hernia recurring “at the lower angle of the 
wound" (a direct recurrence?) was repaired by an army surgeon. 


Table 4 — Period of Follow-up* 



Number of Patients 

Number of Hernias 

Less than twelve months 

161 

197 

Twelve to twenty tour months 

27 

89 

Two years 

18 

34 

Three year* 

26 

34 

Four years 

16 

38 

Five years 

84 

44 

She years 

6 

31 

Total 

294 

867 

humber loUowed tor over 2 year* 

103 

331 

Fcr cent followed for over 3 years 

86 

36 

Recurrence rate 



Per cent of cases followed for 



over 2 years 

SS 

28 

Per cent of total cases 

1 0 

OB 


* Thero were three recurrences, which occurred seventeen eighteen and thirty two months 
po'topcratlrely two were Indirect recurrences, ond one was n direct recurrence 


Case 3 — A Bassini-Lotheissen operation by an assistant resident physician 
for an indirect inguinal herma on the left side was done on Dec 1, 1942 A recur- 
rence was noted eighteen months later, and repair was earned out soon afterward. 
At the second operation there tvas no direct weakness, but a large mdirect sac 
was present which according to the operator showed "no evidence of the mdirect 
sac e\er having been ligated” 

There was 1 death in the hospital, described in the following report 

Case 4 — D M w’as a Negro aged 51 years The weight was 276 pounds 
(125 Kg ) and the height 71 inches (180 cm ) There was an inguinal hernia on 
the left side e.\tending o\er halfway from the groin to the knee This was repaired 
by an onginal Halsted-I-Lotheissen procedure on June 3, 1944, bv one of us 
(H N H ) The patient died on the twelfth postoperative day of massive pul- 
monary embolism, a diagnosis which was proved at necropsy (At the time of 
death the wound was found to be infected ) 
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It IS of interest that m the 2 patients operated on by assistant resi- 
dents the recurrences were indirect while in the other patient (operated 
on by H N H ) the recurrence was direct 

The recurrence rate was 2 3 per cent for the cases followed for over 
two years and 0 8 per cent for the entire group of cases In the group 
of 203 of these cases handled by one of us (H N H ) there was one 
recurrence, giving a rate of 0 5 per cent When this figure is corrected 
by tne exclusion of the thirty-three operations done during the past two 
years (after which, of necessity, there was not a two year follow-up) 
the recurrence rate for the entire series is even less 

In the group of patients followed m whom there was no recurrence 
the incidence of pain and other subjective symptoms was roughly com- 
parable to that in patients treated by otlier technics- 

COMMENT 

Anderson,®* m discussing the causes of failure in repair of inguinal 
hernia, stated 

It is obvious that when the transversalis fascia is attached to Poupart’s instead 
of Cooper’s ligament an undesirable pocket is left. That is, the normal msertioD 
and attachment of the transversus aponeurosis and transversalis fascia in this 
region is into the rectus sheath medially, then mto the pubic bone and outward 
laterally into the ilio-pectineal Ime (Cooper’s ligament) Smce this is its normal 
insertion, this is where it should be attached when carrying out a repair If, a» 
has been commonly done, it is sewn to Poupart’s ligament, a peritoneal trough- 
like pouch tends to form, the potential beginning of a recurrent hernia 
Then the Canadian writer goes on to say 

In the case of hernias and tires, there is a first line of defense, the transversalis 
fascia and the inner tube, respectively We do not fasten the edge of the hole 
in the inner tube to the outer casing, no more should we fasten the edge of the 
transversalis fascia to the outer casmg, the external oblique (Poupart’s ligfament), 
but rather to its own structure and insertion — Cooper’s ligament 

The suture of the transversalis fascia or of the “conjoined tendon’^ 
to Cooper’s ligament is, according to Brunkow,®® “likened to pulling the 
curtain clear to the base of the window instead of only halfway for an 
effective blackout ” The same procedure can also be compared with 
tucking the sheets in at the foot of the bed so that the toes of a tall 
person will not protrude 

Our studies bear out these theoretic advantages of tlie procedure. 
We do not believe that we have evidence that the Cooper ligament 
technic is infallible, or that it is better than other reputable methods or 
that it should be immediately adopted by all other operators We do 

34 Anderson, R Failures in Inguinal Hernia, Canad M A J 49 392-396 
(Nov) 1943 

35 Brunkow, B H Surgical Considerations of the Inguinal Triangles, 
Am J Surg 59 594-597 (klarch) 1943 
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bclie\e, however, that m our hands it has gn^en good results and tliat 
^\c are justified in the continuation of its use 

As to Its scope at the present time, the technic seems to us to be 
tlie preferable one for tlie following types of hernia m the groin 
(1) recurrent hernia, (2) femoral hernia, (3) direct hernia and (4) 
indirect hernia in older patients m whom Hesselbach’s triangle shows 
signs of weakness The method would, on the otlier hand, seem to be 
superfluous for young patients with uncomplicated congenital indirect 
inguinal hernias 

SUMMARI AND CONCLUSIONS 

A hernial repair based on the anatomic studies of McVay and Anson, 
who postulated that the transversalis and internal oblique fibers normally, 
attach themselves not to Poupart’? ligament but rather to Cooper’s liga- 
ment, has been utilized which attempts to restore the normal attachments 
to the latter In this operation, first advocated by Lotheissen for the 
repair of femoral hernia, no fascial layer is sutured to Poupart’s ligament 

An identical procedure is used for all the mam types of hernia of 
the groin — indirect inguinal, direct inguinal and femoral The fact that 
only one technic need be learned may be another advantage of this 
method 

This technic has been used in the repair of three hundred and sixty- 
seven hernias of the groin of several types m 294 patients during a seven 
jear penod Follow^-up studies indicate that the results as well as the 
theoretic advantages justify the procedure Of one hundred and thirty- 
one hernias in patients followed for two years or more, three have 
recurred (2 3 per cent), while for the entire senes of cases the known 
recurrence rate is 0 8 per cent 

DISCUSSION 

Dr Chester I\IcVav My own comment on the operative procedure should 
wait until I have mj own senes which is now almost complete. I thought this 
morning tliat I would simply show three slides to reemphasize something which 
Dr Harkins has alreadj^ said 

(Slide) This is a new of the inguinal region witli the external oblique muscle 
open, show mg Hesselbach’s triangle. These are the fibers of the transversalis going 
not to the inguinal ligament but to Cooper’s ligament 

(Slide) The next slide is picked from another senes showing the mguinal 
ligament completely away and the fibrous insertion passing over to the midlme 
and show mg the spermatic vessels down to Cooper’s ligament 

(Slide) Dr Harkins said that this repair is used for all types of hernia This 
oblique new of the inguinal region will demonstrate why it is applicable. The 
defect m a large indirect, direct or femoral hernia is a defect in the same layer 
The problems are the same For instance, an indirect hernia, as it enlarges, 
enlarges medialward, and m e.\tremeh large ones it compromises this area. A 
femoral hernia enlarges medially, and it compromises this area A direct hernia is 
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definitely through tins area -Except m the case of a very small indirect hernia, 
resutunng of the stronger layer above to Cooper’s ligament reestablishes the normal 
anatomy The steps outlined by Dr Harkins I agree with perfectly 

Dr. Roland F Mueller, Lincoln, Neb I have been interested in the results 
obtained by Dr Harkins with this procedure Of 149 consecutive cases of hernia 
in which I have operated and which I have followed for the past six years, 15 were 
cases of femoral hernia This is an incidence of 10 per cent, as compared with the 
usual inadence of 5 to 6 per cent given in the literature for femoral hernias In 
the 149 cases, the McVay technic, using Cooper’s ligament, was employed in 42 
There were five recurrences among the 149, and two of these occurred among the 42 
cases in which the Cooper ligament repair was used The 2 patients were among the 
earlier ones operated on by this method, and I feel that with additional experience 
there wall be fewer recurrences It is curious to note that some of these patients 
do not know' that they have a recurrence because it is so trivial and symptomless 
One cannot ahvays rely on correspondence as a method of follow-up In fact, 
two of the above five recurrences were so trivial that the patients did not feel that 
they had a recurrence 

In the surgical repair of femoral hernia I feel that they should all be approached 
by this route — through the inguinal canal There were no recurrences among the 
femoral hernias repaired, all five being recurrences of inguinal hernia 

The exposure of Cooper’s ligament is not particularly difficult Frequently one 
may be surpnsed by the fast dropping away of Cooper’s ligament as one exposes it 
posteriorly and laterally, as compared w'lth the course of the inguinal ligament 
The one draw'back to the use of Cooper’s ligament as an anchor is the area of 
potential weakness remaimng superior and lateral to the posterior suture placed in 
the ligament 



EFFECT OF DISTENTION OF THE BILIARY TRACT 
ON THE ELECTROCARDIOGRAM 

Experimental Study 
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T he coexistence of disease of the biliary tract and disease 
of the heart is well known WiUius and Brown ^ analyzed eighty-six 
unselected consecutive necropsies on patients with proved coronary 
sclerosis Chronic cholecystttis with or without cholelithiasis was 

present m 26 per cent Laird® found cardiac lesions in 77 per cent 
of a senes of 65 patients with disease of the gallbladder In 109 
cases of cholecystitis Schwartz and Herman ® found evidence of cardiac 
disease in 63 per cent An incidence of only 41 per cent was found in 
another 109 medical patients without clinically recognized disease of 
the biliary tract or cardiac disease 

These and other reports show that there is an increased incidence 
of cardiac disorders m patients with disease of the biliary tract There 
are many physiopathologic factors common to tlie two diseases, such 
as age, disturbed metabolism, obesity, diet and infection 

Surgical intervention for cholecystitis, cholelithiasis or choledocho- 
hthiasis has frequently resulted m improvement of an associated cardiac 
condition This has been manifested relief from angina, recovery 
from decompensation and improvement or return to normal of the electro- 
cardiogram (Fitz-Hugh and Wolferth,* Wolferth,® Ravdin, Royster 

From the departments of surgery aVid medicine, Duke University Medical 
School and Hospital 

I Willius, F A , and Brown, G E Coronary Sclerosis An Analysis of 
Eighty -Si\ Necropsies, Am J M Sc. 168 165, 1924 

2 Laird, S M The State of the Heart in Gall-Bladder Disease A Per- 
sonal Imcstigation, Brit M J 1 884, 1938 

3 Schwartz, M., and Herman, A The Association of Cholecystitis witli 
Cardiac Affections A Study Based on One Hundred and Nine Cases, Ann Int 
Med 4 783, 1931 

Fitz-Hugh, T , Jr , and Wolferth, C C Cardiac Improvement Following 
Gall Bladder Surgery, Ann Surg 101 478, 1935 

5 M'’olferth, C C Relationship beUveen Biliary Tract Disease and Heart 
Disease, J Mt Sinai Hosp 8 1121, 1942 
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and Sanders," Moschcowitz,' Clarke," Weiss and Hamilton," Laird," 
Schwartz and Herman," Straus and Hamburger^" and McArthur and 


Wakefield 

Attacks of pain in the gallbladder or of colic may simulate attacks 
of angina pectons or coronary occlusion since tlie pain is occasionally 
referred to a similar segmental distiibution The pain in disease of 
the gallbladder, however, is usually referred along the seventh and 
eighth thoraac spinal segments and is commonly right sided, whereas the 
pain in angina pectons is commonly left sided and referred along the 
fifth to the eighth cervical spinal segments and the first to the fourth 
thoracic spinal segments In angina pectons the pain is frequently 
referred down the left arm and can be brought on by effort and relieved 


with mtroglycerm 

The electrocardiogram may not always aid in a correct diagnosis 
since intra-abdominal diseases such as cholecystitis, pancreatitis or 
perforated peptic ulcer have been reported to cause electrocardiographic 
alterations (Murphy and Livezeg,^" Gubner,’^" Scherf and Klotz and 
Gottesman, Casten and Beller ’■“) 

The abnormalities noted in these conditions are changes in the 
T waves m significant leads, slurnng and notching of the QRS com- 
plexes and elevation or depression of the S-T segments 


6 Ravdin, I S , Royster, H P , and Sanders, G B Reflexes Originating 
in the Common Duct Giving Rise to Pain Simulating Angina Pectons, Ann 
Surg 115 loss, 1942 

7 Moschcowitz, E. The Electrocardiogram in Uncomplicated Disease of the 
Gall Bladder and the Changes Induced by Operation, J Mt Sinai Hosp 10 632 
1944 


8 Qarke, W E Electrocardiographic Changes m Active Duodenal and 
Gall Bladder Disease, Am Heart J 29 628, 1945 

9 Weiss, M M , and Hamilton, J E The Effect of Gall Bladder Disease 
on the Electrocardiogram, Surgery 6 893, 1939 

10 Straus, D C, and Hamburger, W W The Sigmficance of Cardiac 
Irregulanues in Reference to Operability of Cholelithiasis, Cholecystitis and Duo- 
denal Ulcer, J A M A 82 706 (March 1) 1924 

11 McArthur, S W , and Wakefield, H Observations on the Human Electro- 

MedTo^349^T9« Distention of the Gall Bladder, J Lab & Clm 


latml ^ ^ Electrocardiographic Changes Simu- 

“S Change, After A«e 

^ J a ■” Elmrecrd.0. 

123 892 (Dec 4) 1943 ^ Expenmental Study. JAMA 
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Vi i ' lli-;c findings nre present a correct diagnosis is imperatuc 
<.rcc opc-ition on a patient with coronaiw occlusion should be a\oidcd 
i!=o, an incorrect diagnosis ot coronarv msufncicnc\ or coronare occlu- 
' in 1 patient with di'casc ot the biliara tract mat result in making 
a ca-dne inmlid ot a patient who would otherwi-e be relieacd b\ 
'piirfipnatc surgical intervention The correct diagnosis can usualh 
b' made b\ adequate elicitation ot the patient s liistori, phisical examina- 
tion itid correct roentgenologic and electrocardiographic interpretation 
riiere appear-! to l>e some contusion in tlic literature regarding tlie 
relationship ot di-ease ot the biliaia tract and cardiac disease It seems 
rea-onable io u-- that paticnli who have disease ot the bill irj tract with 
ai ihnornial elcctroeardiogram should have m association coronarv 
■rierv .iiid itnocardial disease 

\ scrii' ot expenment'- were earned out to studv the relationship 
ot dista-e ot the hiharv tract and cardiac disease These consisted ot 
t !ti,triKardiographic -tudies ot the effect of distention of the biliarv 
tract in two group- of animals The first group with normal hearts, 
-erved as co itrol- 1 he second group had experimcntallv produced 
I.-ions ot the coronarv arterv 

tXrtRlMFXTAL MFTJIOUS 

In all c-xpermunt- aihill male ai.d female ilnfts were used Light anesthesia 
V IS privlurcil with the intravenous injection of chloralosc the dose eniplojcd being 
It iioiMmateh 01 Gm per Vilogram of bod\ weight The choice of anesthetic 
1 ii-pirtant since clccirocardtocraphic changes and changes m the blood pressure 
I \ la. Cl r with the adminislration fU ether, cjclopropanc and the harbtiiralc- 
li'-r t. inh rv and Gavnor''" and Grul>er i') 

\ S' ric oi S without cardiac lesions w-as ii'ed as a control group 

I "vtrixardu'erams were obtained licfore the iinluetion of anestlies a with the 
-iM I al rc'tine on its back Oiloralosc v\as then administered intravcnousU, and 
I i r'let-ocardiogram was taken veith the animal under anesthesia Through an 
I I” tnc richt upper area cil the alKlemien the cennmon hile duct was ligated with 
’ \ > hr-’ I'-d s Ik hgati res close to the du >s'emim Care vvas taken to ligate as low as 
i ' V a'd to heatc onU the duct in order that the nerve plexuses would be undis- 
1 '>^1 \ cat r la v is irscrted in the furdu- oi the gallbladder and held m place 

h a ji^ssr s r 1 re and liga’urc \ speci d manometer with a side tube for the 
n 1 1 ir. n no e>n ^ -ohition o' sodium chloride was attached to the cannula The 

I- : ea'-i) id ancr> \ as cannu'atcd and prepared lor kvmographic tracing 

la* b’c»' p'cssurc 

k c " atn-s were rccordeel on the I ennograph with the u-c ot a chest tamliour 
I 'o. ris a-d o'S'-a, hic chances blood pressure and respirations were recorded at 

, a^c' G D Liidcrwood F T and Gavror E P The \ction of Amedat 
i !'-,ai'i"g \ agus Cardiac Inhibitors Effects and of Ether m Increasing the 
-'U a o"i Ra’c \ue'- Its neps'cssion be ■’imedal Am J Phjsinl 91 4dl, 1929 

17 G't.V', C '' Th' Farb *ura‘c5 and tie Thiobarbiturates Some Differ- 

' " ■p'-n'- \c* 0-5 WTen Ad-n mstered to Hi man Pemgs and to Experimental 

'-i T \ IS \ 117 li47 fOc- -J) 1941 
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■> with varying degrees of pressure (5 to 560 cm of water) in the biliary 
vt the end of the expenments the animals were subjected to autopsy 
1 additional animals without cardiac lesions were subjected only to ligation 
ommon duct. Senal electrocardiograms were taken at intervals for periods 
teen and twenty-two days to study the effect of chronic obstruction and 
e. 

another senes of 10 animals cardiac lesions were produced by injection of 
rosing solution of invert sugar about the left main descendmg coronary 
or by ligation of various branches of the left descending coronary artery 
le circumflex arteries 



Fig 1 — Kymogram on dog 3 Blood pressure and respirations with varying 
Tees of biliary pressure biote the fall in blood pressure and respiratory changes 
h distention 



Of this group, 3 animals died witli ^e^trlcuIa^ fibrillation, 1 died in six hours 
and 2 in eight hours Another animal died on the fifth postoperative day after 
disruption of the thoracotomi wound \tropine and qumidine were employed 
inlra\ cnousl j in the 6 remaining animals to prevent ventricular fibnllation In 
this group coronary' lesions were produced by ligation in 5 and by injection in 1 
Intravenously administered chloralose with endotracheal positive air pressure 
"as cmplovcd for the operative procedure The heart was approached tlirough 



rc or Cl RGr.R] 


a • a \‘c~\ i-iiM-'" itt'c o i tlii Icil anterior 'idc in the filth iincr<pivc 
! ira* ufr «^ih o' f'rrnr'enil injection of the coromn vessels was earned out 

i '' trc-can'iivf ran s were taken before and attcr anesthesia, with the chest open 
I e c-e -'xl a ter liftati'^n or injection ot the coronarv artcrv and at vnrviiifr 
i"*er\al' •' c'eattc" ft' twelve to seventeen davs until the biliarj tract was 

i't< c“'’od 

Ir S o the anncials distentio i oi the biliao tract was performed in the same 
T a— or TV in the control projp Serial clcctrocardiograpluc tracings, blood pres- 
sv.re -ii d respirations were recorded In another animal ligation of the common 
file d ct was earned out alter ligation of the coronarv artcrv The ligature 
a'o "J ti c con men duel ait througli, with reopening, which necessitated religation 


Tvirr 1 — Results cf Dtslenlwn oj the Bil\ar\ Tract iu Control Dogs 
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' ' els Htc Serial clcrtrocardiograms were taken at intervals throughout 
t IS pc od Tie animal v as subjected to autopsj eleven davs after the second 
Iica’irn 

Kn 5 t,LTS 

1 111 rc'iilts in the control group arc summarized in table 1 In 
the 5 nogs subjected to acute biliarv distention there were no significant 
changes in the electrocardiogram following distention other than aan- 
in the cardiac rote (figs 3 and 4) In the 2 dogs in whicli 
e I'CTC ('.samtion of the b hart tract and jaundice were produced bj 
htration cu tl c con mon h Ic duct there were no significant clcctrocardio- 
i c change: a* the end of nineteen and tventv-tvo davs (Buch- 
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The results of distention of the bihar)' tract m the dogs with 
lesions ot tlie coronarj artery are summarized in table 2 In dog C-1 

Table 2— Results oj DistoiUon of the Biliary Tract m Dogs until Lesions 

of the Coronary Artery 


Biliary 

Tract Blood 

Pressure Pressure, Cardiac Besplratlons with 

Cm HiO Jim Hg Rate Distention Electrocardiogram 


Dog C-1— Thirteen Days after Injection of the I,eft Anterior Descending Coronary Artery 
(Infarction of the Anterior Wall, Left Ventricle) 


Initial 

2.5 

170 

so 

Inspiratory distress 

ho electrocardiographic 

Alter distention 

400 

110 

SI 

slower and deeper 

changes with distention 

Pinal 

0 

no 

SI 



Dog C-2— Seventeen Days alter Ligation of the Middle Branch of the Left Descending 

Coronary 

Artery (Infarction of the Posterior Lateral Wall, 

Left Ventricle) 

Initial 

5 

130 

no 

Inspiratory distress 

With distention of the 

\ftcr distention 

.AO 

PC 

160 

slower and deeper 

biliary tract there was 

Final 

0 

ISO 

180 


marked sagging of the 


HS-T segments In leads 
n and ni which did not 
return to the Isoelectrle 
line after distention was 
released 

Dog 03— Seventeen Days after Ligation of the Main Circumfiet Branch of the Left Coronary 
Artery (Infarction ot the Posterior Lateral Wall, Left Ventricle) 


Initial 

S 

123 

140 

Inspiratory distress 

After distention the R-S-T 

After distention 

540 

70 

05 

slower and deeper 

Junction became elevated 

Final 

0 

70 

141 


In aU leads, with a not 


able Increase In the 
height of the T waves 


Dog C 4— Tivclve Days after Ligation of the First and Second Circumflex Branches of the 
Coronary Artery (Infarction of the Posterior Wall, Left Ventricle) 


Initial 

5 

146 

205 

Inspiratory distress 

After distention there 

\fler distention 

540 

llO 

160 

slower and deeper 

was elevation of the 

I Inal 

0 

140 

200 


RS-T Junction with In 


crease In the height of 
the T waves after release 
of pressure the record re 
turned to normal crush 
Ing the leg did not 
change the record 

Dog C 5— Twelve Days after Ligation of the Anterior and Middle Branches of the Left 
Descending Coronary Artery (Apical Infarction) 


Initial 

5 

150 

00 

Inspiratory distress 

After distention there 

\ftet distention 

540 

120 

150 

slower and deeper 

was elevation of the 

Final 

0 

160 

l&J 


BS-T Junction with In 


crease in amplitude of 
the T waves In an leads, 
which returned to normal 
after release of the 
pressure 


there were no significant changes m the RS-T junction or segment In 
dog C-2 there was considerable depression of the RS-T segment in 
leads II and III with distention of the biliary' tract After release of 
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In control expenments there were no significant electrocardiographic 
changes after anestliesia with chloralose Only minor variations con- 
sisting of changes in cardiac rate were noted 

In the control group pathologic examination of the various organs 
including the heart, liver and extrahepatic bile passages failed to 
reveal any abnormalities except m the 2 animals subjected to cliromc 
obstruction In tliese only the lu'er and bile passages showed dianges 
characterized by dilated bile ducts and canaliculi, with an intense 


Lead I 2 3 



Fig 6 — Electrocardiogram on dog C-3 A, control B, forty-eight hours after 
hgaUon of the main circumflex branch of the left coronary artery C, under anes- 
thesia seienteen days after ligation of the coronary artery D, biliary distention 
uith a pressure of 540 cm of water Note the increase in amplitude in the T 
\\a\es and the delation of the RS-T junction with distention of the gallbladder 
E, release of biliary pressure to zero 


periportal inflammatory reaction The hepatic cells showed fatty 
degeneration witli areas of central necrosis Bile casts were present 
m many of the dilated ducts 

In the group subjected to coronary lesions, mj^ocardial infarction 
uith healing in vanous stages was demonstrated The liver and the 
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found the T waves to be unstable m the normal dog and altered b}' 
manipulation of the heart without interfering with the coronary circu- 
lation They found no significant modification of the RS-T segment 
Hams and Hussey found decided variability of tlie T waves in a 
stud) of 50 dogs, but in only 1 was there any deviation of the RS-T 
segment 

It IS clear from tlie work of the aforementioned investigators that 
electrocardiographic changes in the dog do not parallel those found 
m man Barnes and Mann, howei'er, observed that ligation of the 



Fig 8— Electrocardiogram on dog C-5 ^.control two hours after hgaUon 
ol anterior and middle branches of tlie left descending coronary arterj C 
under anesthesia twelve days after ligabon of the coronary artery D, biliary dis- 
tention with a pressure of 540 cm. of water There was elevation of tlie RS-T 
junction and increased amplitude of the T waves E, release of the biliary pressure 
to zero r distention of the gallbladder ten minutes after 1 mg of atropine was 
administered intravenously The findings are the same as in D G, record taken 
after the testicles vyere crushed There were only slight changes in the electro- 
cardiogram resembling those obser\ed with distention of the gallbladder 


23 Hams, B R, and Hussey, R The Electrocardiographic Changes Fol- 
lowung Coronarv Ligation in Dogs, Am Heart J 12 724, 1936 
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the injection of 1 mg of atropine intravenous!)" failed to prevent the 
•changes in a single dog Crushing the leg in 1 of the dogs did not 
produce any change in the electrocardiogram , however, crushing the 
testicle of another dog produced clianges which resembled those 
accompanying distention of the biliat)" tract but which were of lesser 
•degree There were no significant changes in the blood pressure after 
the crushing of the testicles or the leg m these 2 animals 

SUMMARY 

Distenbon of the biliary tract in dogs wthout a preexisting lesion 
■of the coronar}' artery or the myocardium failed to produce any signifi- 
cant changes in the electrocardiogram 

Distention of the biliary tract in dogs after ligation of one or more 
■of the coronar)" arteries produced abnormal deviations of the RS-T 
segments in the electrocardiogram 


I 


r? 
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It IS obvious that the extensive dissechons in the removal o 
could account reflexl}' for some of the edema along the lines 
lated by Homans 

V* eal ' has made an elaborate study of the venous circi 
patients witli obstruction of the subclaruan, axillary and bas 
and has suggested that swelling of the arm is due to obstruct] 
axillary and subclavian veins caused by thrombosis, scar form 
angulation of tire veins and tliat lymphatic stasis is a second: 
of the venous obstrucbon, which if prolonged will lead to p 
blockage of the lymph flow He states that “we then have a 
similar to the ‘milk leg’ W’hich follows thrombosis of the deep 
the tliigh and pielvis Infection is prone to develop after lymp 
\enous obstruction, and it may be the cause of further 1 
blockage as well as an increase in the swelling ’’ 

Pure lymphatic edema is the least common form of edema 
the removal of a breast, and the edema which is seen piostoper 
the sw ollen arm is really an admixture of venous obstruction, : 
Kmph stasis and, apparently, a self-perpetuating mechanism c 
on the tomaty of the muscles and the irritability of the vann 
\ascular elements associated m the involved area 

According to Lenche and Kumlm,® chnical manifestations 
bophlebitis are due to the establishment of a vasomotor reflex a 
of impulses originating in the thrombosed venous segment 
of the opinion that there are three dominant factors m this 
one the amount of vein involved, two, arteriolar spasm, a 
\ enospasm The last factor is tlie most constant and sigmfica 

The frequency and extent of thrombophlebitis in the invc 
subsequent to mastectomy have never been ascertained How 
IS not so important, since the meclianisms operating at the s: 
trauma are presumably the same in all instances in which 
becomes sw ollen after mastectomy Ochsner and DeBakey * 
lirst to call attention to the revolutionary teachmg of Lenchi 
associates that the mechanism of development of the chnical n 
tions of thrombophlebitis is the mitiation of a vasomotor re 
result of impulses originating in the thrombosed venous segmei 

2 Veal, J R The Pathological Basis for Swelling of the Arm 
Radical Amputation of the Breast, Surg , Gynec. & Obst 67 752, 1938 

3 Lenche, R., and Kumhn, J Tratairuento immediato de las fle 
opcratonas por la infiltracion novocainica del simpabco lumbar. Cron 
33 3S9, 1934 

4 Ochsner, A, and DeBakej, M Therapy of Phlebothroir 
Thrombophlebitis, Arch Surg 40 20S (Feb) 1940, Thrombophlebitis 
Vasospasm m Production of Qinical Manifestations, TAMA. 114 117 
1940 
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Venule Arteriole 




Fig 1 — A, diagram of normal physiologic relationship of intravascular and 
perivascular fluids As indicated by the arrows, normally there exists a balance 
between the amount of fluids leaving the blood vessels and entering the tissues and 
that leaving the tissues and entenng blood and lymphatic vessels (From Ochsncr, 
A , and DeBakey, M J A. M A 114 117 [Jan 13] 1940 ) B, diagram 
of production of edema in thrombophlebitis As shown by Are arrows, the amount 
of fluids leaving the blood vessels and entering the tissues is greater than that 
leaving the tissues and entering the blood and lymphatic vessels The increased 
transudation of fluids from the vascular svstem into the perivascular spaces 
is due to several factors As a result of vasoconstnctor impulses initiated 
m the thrombosed venous segment there is produced a reflex vasospasm involv- 
ing both the arteriolar and the venous elements of the vascular tree Thus there 
occurs considerable increase in venous pressure, with consequent augmentation of 
filtration pressure and relative anoxia of capillarj endothelium, both of which favor 
an increased transudation of vascular fluid into the perivascular tissues The pro- 
nounced dimmution of penpheral pulsations consequent to vasospasm and increased 
, venous pressure results in a decrease in lymph flow and a stag^tion of tissue 
fluids (From Ochsner, A, and DeBpkey, M JAMA 114 117 [Jan 13] 
1940 ) C, diagram of the mechamsm by which procaine hydrochlonde block 
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tended veins is present, despite the fact tliat a great deal of the clinical 
picture may be secondary to obstruction of the venous flow 

Devenish and Jessop have shown that the superficial and deep- 
lymphatic vessels can be brought out strikingly wnth the mtradennal 
injection of an 11 per cent solution of a dye which they call patent 
blue V In the normal arm after an injection of a minute amount of 
the dye mtradermally distinct streamer formation is present, m contrast 
to the affected limb, m which no streamer formation is present with an 
extensive diffusion of the dye and the skin of the forearm becomes 
gradually discolored by a fine bluish network, giving the impression 
that the dye was seeping through a spongehke mass 

Temperature readings taken at various levels on the affected limb 
reveal that it is usually from one-half to one degree colder than the 
unmvolved arm Measurements of the affected limb show an average 
increase of 1 inch (2 5 cm ) or more as compared with the unmvolved 
limb 

REPORT OF CASES 

An analysis of 25 cases of postoperative swelling of the arm follow- 
ing mastectomy is herewith presented Of the 25 patients involved,. 
21, or 85 per cent, had a block of the sympathetic nen^es done on the 
affected side, 11 having it once, 5 having it twice, 2 having it three 
times and 4 having it four times The number of times depended ort 
the patient’s ability to report for the procedure (factors being age, dis- 
tance from tlie hospital and inclement weather) Both the anterior and 
the posterior approaches were used for the blocks, ho^vever, because of 
the multiplicity of minor complaints the postenor approach was aban- 
doned, and the anterior or supraclavicular approach to the stellate 
ganglion was used exclusively 

A careful interrogation of the patient was made as to the onset of 
the symptoms subsequent to the mastectomy, whether or not she had 
preoperative or postoperative irradiation and whether or not any tem- 
perature or sensory disturbances were present in the arm before the oper- 
ation Careful measurements of the circumference of both arms were 
made 5 inches (12 cm ) above and 5 inches below the olecranon proc- 
ess Dermatherm readings were made for both anns and all correc- 
tions for room temperature carefully recorded 

IMMEDIATE EFFECT OF THE PARAVERTEBRAL BLOCK 

Subsequent to the injection of 5 cc of a 1 per cent solution of 
procaine hydrochloride into the stellate gjanghon on the affected side 
20, or 96 per cent, of the patients noted an immediate feeling of warmth 
in the arm, and the average rise in temperature as demonstrated by the 
dermatherm readings was 4 degrees Increased fle'^ibiht)', relief of pain 
and a decrease m paresthesia and hypesthesia were noted in all instances 
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SUBS^QU^^T effects of the PARAVERTLnRAL 131 OCK 

The persistence of the subjective iinpro\emcnt was noted in 80 jxir 
cent of the patients Subjecluely, the feeling of warmth was mani- 
fested in all but 1 of them The greatest improvement was noted in 
those who had two or more injections 

There was a pronounced disparity between the subjective imfirovc- 
meiit and the objectne temperature readings and the reduction in the 
size of the aim after the jiarax crtebral block In 10. or 47 per cent 
of the patients who had block there was no reduction m the measure- 
ments Ele\en, or 53 per cent manifested onlj an a\crage reduction 
of three fourths of an inch (2 cm ), which, however, in itself is insig- 
nificant since SO per cent show cd persistent impro\ cd flc\ibility, increase 
in temperature and impro\cd motion of the affected limb The rises 
m temperature iicitcd represent readings taken from two to seven da\s 
alter the block This is interesting because it supports the contention 
of Leriche and K-umhn that the responses of the temperature arc at times 
out of proportion to the amount of procaine hydrochloride used and 
that the persistent rcsjionsc can sometimes be obtained with minimal 
doses of the drug That the manifested persistent temperature response 
appears small is probably due to the insulating effect of the edema 
and the tissue fibrosis, which tends to inhibit the response 

The patient’s impression of the hpe of therapy used is worthy of 
coinnient, since the satisfaction of the patient is an indication of the 
success of the treatment 'Nineteen or 90 per cent, reported that the> 
were benefited bj the treatment One patient (5 per cent) was guarded 
in her comment, howc\cr, she did sa}' that the response was fair 
Another patient was noncommittal m her response despite the fact that 
some objectne impro\cmcnt was present 

Of the 4 control patients w ho did not have a )xira\ ertebral block and 
who w'ere obscr\cd for the same period (six months), none exhibited 
any improvement of the arm as compared with those who had it one 
or more times (table) 

SUMMARY AND CONCLUSIONS 

The injection into the stellate ganglion of 5 cc of a 1 per cent 
solution of procaine hydrochloride at periodic mtenmls will help to 
relieve the symptoms referable to sw'clhng of the arm following mas- 
tectomy 

Over 80 per cent of the patients treated revealed subjective and 
objective clinical improvement after the paravertebral block 

Sixty per cent manifested an average reduction of three fourths of 
an inch (2 cm ) in the size of the involved extremity 

No improvement was noted in patients who did not have para- 
vertebral block 
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NEUROVASCULAR SYNDROME OF THE ARM ASSOCIATED 
WITH HYPERTROPHIED SUBCLAVIUS MUSCLE 

Report of a Case, Including Operative Treatment 


EUGENE E. CLIFFTON, MD 
NEW HAVEN, CONN 

D ysfunction of an upper extremity due to pressure on vascular 
and nerve elements m the region of the shoulder are not uncom- 
mon and are extremely disabling The scalenus anticus syndrome is 
well recognized and is frequently treated surgically with good result 
The syndrome of thrombosis of the axillary vein is perhaps less well 
recognized, and its treatment is commonly entirely conservative in 
nature. It ma} be present with or without actual thrombosis Vanous 
functional and mechanical factors have been suggested as of etiologic 
significance Perhaps the most commonly accepted opinions have 
implicated the structures in the area of tlie clavicle and first nb (Aschoff,^ 
Lohr,® Willan,® Loewenstem,'* Gould and Patey,® Picagli,® Veal and 
McFetndge,^ Sampson and others ® and Judovich and others ®) 

1 Aschoff, L Thrombose und Embolfe, Verhandl d gesellsch deutsch 
Naturf u Aerzte 83 344, 1916 

2 Lohr, W Ueber die sogenannte “Traumatische ' Thrombos der Vena 
axillaris und subclavia, Deutsche Ztschr f Qiir 214 263, 1929 

3 Willan, R J Three Cases of Axillary Vein Obstruction, Edinburgh M J 
20 105, 1918 

4 Loewenstem, P S Thrombosis of the Axillary Vein An Anatomic 
Study, J A. M A 82 854 (March 15) 1924 

5 Gould, E P , and Patey, D M Primarj^ Thrombosis of the Axillary 
Vem A Study of Eight Cases, Bnt J Surg 16 208, 1928 

6 Picagli, G Trombosi da sforzo della vena ascellare destra, Chir d org 
di movimento 19 186, 1934 

7 Veal, J R, and McFetridge, E M Primary Thrombosis' of the Axillary 
Vein An Anatomic and Roentgenologic Study of Certain Etiologic Factors and 
a Consideration of Venography as a Diagnosbc Measure, Arch Surg 31 271 
(Aug) 1935 

8 Sampson, J J , Saunders, J B de C 'M , and Capp, C S Compression 
of the Subclaiian Vefn by the First Rib and Qavicle, ivith Speaal Reference to 
the Prominence of the Chest Veins as a Sign of Collateral Circulation, Am Heart 
J 19 292, 1940 

9 Judovich, B , Bates, W, and Brayton, W Pam m the Shoulder and 
Upper Extremih Due to Scalenus Anticus Syndrome, Am J Surg 63 377, 1944 
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muscles, especially about tlie shoulders There was moderate dilatation of tlie 
veins of the left arm and shoulder The left hand and forearm became cyanotic 
when the arm was dependent, with the cyanosis most pronounced on the hand and 
wrist and shading off to a fairly normal color above the elbow The left hand was 
definitely colder than the right With elevation, the cjmiosis slowly disappeared 
in three to five minutes and the hand and arm blanched more and more and 
remained cold There was definite weakness of the left arm and hand (60 to 75 
per cent) as compared with the nght The patient was able to elevate the arm just 
to an angle of 90 degrees but was unable to hold it there for more than a few 
seconds It tlien slowly and steadily fell despite evident effort There was slight 
palpable prommence of the sternal end of the clavicle, with a small notch at the 
junction of the shaft and the sternal enlargement The radial pulse was of good 
quality but was completely obliterated with elevation of the arm to an angle of 
40 degrees It then again gradually became apparent at an elevation of about 



Fig 1 — Photograph of the area of hypesthesia conforming well to ulnar dis- 
tribubon 

70 degrees, but was obliterated at an elevation of 90 degrees There was defimte 
hj'pesthesia m the ulnar distribution of the hand (fig 1) 

Venographic studies were performed, 20 cc. of "diodrast” being used Roentgeno- 
grams were taken after injection of 10 and 20 cc, and fifteen seconds after com- 
pletion of the mjection Because of the complete block still present a fourth one 
was taken, approximatelj ten imnutes after the development of the previous three 
This showed a complete obstruction still present, with moderate collateral filling 
of the veins (fig 2) 

Operative Report and Postoperative Course — On May 30, 1945, a modified 
incision was made for exploration of the brachial plexus (fig 3) with the use of 
local anesthesia As the fasaa over the deltopectoral groove was mased it was 
noted that the cephalic Aem was markedly distended As it was followed upward 
to Its point of transit through the coracoclavicular fascia, it was noted that there 
uere two definite bulbous dilatations, which were evidentlj' proximal to valves in 
tlie lein The coracoclavicular fascia was incised without any evident release of 
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the pressure In order to expose tlic cliMctc, the origin of the pectoralis major 
muscle was separated subpcnostcallj from the ciaMclc The ccplialic vein was 
found to pass between the edges of the pectoralis minor and subclavius muscles t& 
empty into the subcla\ian \cm, which was also found to he markcl> distended As 
the dissection was earned out, an enlarged subclaMus muscle, appearing to be two- 
to three times the usual size (alwut 3 0 cm in diameter) rolled up from beneath 
tlic clawcic as though squeezed out under pressure ^s the subclaaius rolled 
outward it was noted that distention of the cephalic and a\illnr> acms w'as released 
The brachial plexus, the subclaMan and axillary arteries and the subclaMan and 
axillarj \ems were carcfulK explored from well aboxc the clavicle to below the 
point of insertion of the pectoralis major, and no other unusual condition was 
noted With the subclawus muscle out from beneath the claMcle, it was possible 
to insert the index finger between the clasiclc and the first rib and the aem and 
arterj filled and emptied nornialh With the muscle in its normal position, it was 
possible to gel onh the tip of the fifth finger between it and the rib and distention 
of the vein became apparent 



, Fig 2 — Incision outline This is not the patient in the ease under considera- 
tion, but the incision is an exact replica of the one made therein 


The stemocIaMcular joint was then explored There was posterior displace- 
ment of the claMclc to about 3 nun Elcaation of this was considered but it was 
not performed The subclavius muscle was incised at the point at which the vein 
passed beneath it, and tlic edge of the muscle w’as sutured to the anterior periosteum 
of the clavicle to keep it from being pushed back beneath the clavicle. (A segment 
of muscle should have been removed for better clearance and for patliologic 
examination) The fascia onlv of the pectoralis major was sutured to the 
periosteum at the anterior edge of the clavicle 

The patient’s postoperative course was surprisingly satisfactory Within, 
twenty-four hours he stated that the arm was improved, but it was thought that 
^s was due to the support of the arm by the bandages and sling However, after 
removal of all support the relief continued For the first two weeks the hand 
still became slightly cyanotic when dependent, but the veins were no longer dis- 
tended and the patient had discomfort for only a few minutes on two occasions. 
By this time he was able to he on the involved side without discomfort 
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A venogram was made on tlie seventeenth postoperative day Care was taken 
to have the arm m tlie same position as at the previous examination At this 
examination there w'as no obstruction fifteen seconds after cessation of injec- 
tion (fig 4) 

The first realization that a good result was to be expected came when, on return 
from a pass, the patient proudly exhibited his left thumb swollen from fracture 
of the metacarpal induced when he struck an opponent with the involved fist on 
the seventeenth postoperative day His statement was that at no time during the 
four years since injurj had he been able to get his arm up and strike with it, let 
alone do it quickly enough so that his opponent was unable to duck or hard enough 



Fig 3 — Preoperative venogram A, after injection of 10 cc. of “diodrast ” 
B, after injection of 20 cc of “diodrast” C, fifteen seconds after cessation of 
injection D, ten minutes (approximately) after cessation of injection 


to make an impression He was given a thirty day furlough, and on his return 
the condition of the hand and arm was about the same He stated that he had had 
pain for a few minutes only on one or two occasions during the furlough 

Final examination w'as made before his discharge from the hospital five months 
after operabon The \eins were not distended, and the hand and forearm no 
longer became cianotic The pulse was no longer obliterated on elevabon of the 
arm There w^as no difference m the temperature of the two upper extremities 
The left hand and arm did not blanch on elevation The strength of the left 
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cxtrcmiU had dcfinitch increased, and it was now 85 to 90 pci cent as strong as 
tlie right extremitj He could raise the arm to an angle of above 140 degrees and 
could maintain it at an angle of 90 degrees for more than ten minutes The prom- 
inence of the sternal end of the clavicle remained Sensation was normal m the 
hand These findings were checked b\ the men in each specialty, except for the 
consultants, who had made the preoperative examination A third venogram 
made just before discharge of the patient, failed to show obstruction The patient 
was again examined in June 1946 and in January 1947 He is now working as a 
clerk, and the only difiicultv encountered has liccn in placing or moving hcavj 
articles on shelves high above the head when it is done repeatedly without rest 
The condition has remained the same as it was at the time of discharge 


COMM TNT , 

s. 

Tlironiljosts of the axillarv vent has been reiiorlcd and the syinp- 
tomatolog} carcfidlv dcscnijcd rcpcatcdl}' since the first credited report 



Tig 4 — Postoperative venogram A, after injection of 10 cc of “diodrast ” 
B, after injection of 20 cc of “diodrast" C, fftcen seconds after cessation of 
injection 


b\' Von Schrotter Excellent reviews and case reports have been 
given by Willan,^ Matas, “ Veal *- and others Although the inor- 

10 von Schrotter Erkrankungen dcr Gefasse, in von Hothnagcl, H Specielle 
Pathologic und Thcrapic, Vienna, Alfred Holder, 1894, vol 15, pt 3, p 533 

11 Matas, R Primary Thrombosis of the Axillary Vein Caused by Strain, 
Am J Surg 24 642, 1934 

12 Veal, JR (a) Thrombosis of the Axillary and Subclavian Veins, Am 
J M Sc 200 27, 1940, (6) Thrombosis of the Axillary and Subclavian Veins 
with a Note on the Post-Thrombotic Syndrome, Am Heart J 19 292, 1940 
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tality from this disease is minimal, the morbidity is a serious factor, 
especially since m the majority of cases it occurs m men who do rela- 
tively hea\ty work and are bread-winners The early loss of time from 
work with an acute attack may be prolonged for weeks to months or 
even years with the chronic state Individual cases in which there 
has been prolonged disability have been reported by Jeanneny and 
Mathey-Comat,^^ Baum,^^ Firth and Mackay,^' Mason, McGoogan 
and Simmons,^" McClanahan,^® Clute,^® Ballon,^® Swindt and 
Anderson 

In an excellent discussion of the entire problem Matas reported 
a cas^ followed for four years in which there was residual disability 
Gould and Patey ' reported on 8 cases, of which 5 were followed Four 
of the 5 patients had persistent symptoms of varying severity, 1 having 
them for six months, 1 for four j'ears, 1 for five )’’ears and 1 for an 
unstated lengtli of time after onset of the disease The fifth patient 
reported no complaints Veal followed 7 of 9 cases of phlebothrom- 
bosis and thrombophlebitis of the axillary vem for two months to tvventv- 
two years All the patients involved had weakness, early fatigue and 
pam after prolonged work or exercise 

Although in many instances actual thrombosis of the vein has been 
shown to be present (Paggi,-® Guyot and Jeanneny,** Grimault and 

13 Jeanneny G, and Mathey-Comat, R Thrombo-phlebite dite par effort du 
membre supeneur, J de mdd de Bordeaux 101 858, 1924 

14 Baum, H L Die traumatische Venenthrombose an der oberen Evtremitat, 
Deutsche med Wchnschr 39 997, 1913 

15 Firth, D , and Mackay, R Primary Thrombosis of the Axillary Vein 
with Recurrence, Lancet 2 679,1932 

16 Mason, J M Qimcs Primary Thrombosis of the Axillary Vein Caused 
bv Strain, Intemat Clin 1 239, 1938 

17 McGoogan, T S , and Simmons, E E Effort Thrombosis of the Sub- 
cla\uan Vein in the Puerpenum, Nebraska M J 18 283, 1933 

18 McQanahan, B V Primary Thrombosis of the Axillary Vein, Am J 
Surg 30 459, 1935 

19 Oute, H M Idiopathic Thrombosis of the AxiIIaiy Vein, S Clin North 
A.menca 11 253, 1931 

20 Ballo, H C Pnmarj Thrombosis of the Axillary Vein, Canad A 
J 32 414, 1935 

21 Swindt, J K Traumatic Thrombosis of the Upper Extremities, Cali- 
forma S. West Med 27 635, 1927 

22 Anderson, O Venographj in Case of So-Called Traumatic Thrombosis of 
Axillary Vein, Acta radiol 19 126, 1938 

23 Paggi, B Trombosi \enose da sforzo degH arti superiori, Policlinico 
(sez chir ) 40 383, 1933 

24 Gujot, J , and Jeanneny, G Thrombo-phlebite dite “par effort” de la 
\cine axillaire Examen anatomopathologique (Sabrazes), Bull et mem Soc de 
chir de Pans 49 231, 1923 
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Dantlo,” Cliifoliau and Folhasson,=® Huard and Lapeyre^®), m others 
tlie same sjaidromc has been present without thrombosis (Moure and 
Martin,"" Cottalorda,"® Lohr - and Hammann The mechanism 
responsible m the cases without thrombosis has usually been consid- 
ered to be spasm secondarx to trauma The presence of this syndrome 
with or without actual thrombosis has been attributed to many factors 
Von Schrotter considered it to be due to stretching of the axillary 
xcin, wdiile Cadenat felt that distention of the vein by respiratory 
effort was responsible However, pressure of various structures in the 
area about the clavicle and the first rib has been most frequently sug- 
gested as the causative factor (Aschoff,* Lohr,= Loewenstem,^ Gould 
and Patcy,® Picagli,® Veal \*'eal and McFetndge,^ Sampson and others ® 
and Judovich and others ") Willan ® suggested that the vein suffered 
injur}' against the first rib and that the intima was damaged, which 
determined the occurrence of a thrombus Loewenstem"* believed that 
the pressure by the costocoracoid ligament and subclavius muscle on 
the axillary xein distended by the forced expiration which characterizes 
effort resulted in venous stasis His excellent drawings of anatomic 
dissections of the shoulder area show' these pressure points with various 
positions of the arm Picagli ® likcw'ise felt that the syndrome was 
due to the anatomic relations in the region of the costocoracoid liga- 
ment Sampson, Sanders and Oipp ® suggested that the compression 
of the subclavian vein occurred betw'een the first rib and the clavicle 
and that this pressure was increased by the subclavius muscle and the 
deltopcctoral fasaa^ Thc} furnished convincing evidence to support 
their additional contention that this was more likely to occur in a special 
structural type, i c , persons w ith high, horizontally curved first ribs 
and w'lth thc clavicle directed upward and backxvard More recently, 

25 Gnmault, L, and Dantlo, R Thrombo-plildbitc dite "par effort” de la veme 

axillairc, Presse med 5 10, 1924 ■> 

26 Chifohau, M T , and Folliasson, A Thrombo-phl6bite a streptocoques du 
membre supcncur droit Guinson rapidc par resection segmentaire de la veine 
axillaire thrombose, Presse med 40 84, 1932 

27 Huard, P Tiirombo-phl6bitc du membre superieur gauche revelee par un 
effort ResecUon du segment vcineux thrombose, denudation arterielle, Presse 
med. 42 556, 1934, Bull et mdm Soc nat de chir 59 1406, 1933 

28 Lapeyre, J L A propos de la thrombo-phlebite dite par effort. Rev de 
chir 52 "229, 1933 

29 Moure, P, and Martin, R H Apropose de la thrombo-phlebite par 
effort, Presse mdd 20 371, 1932 

30 Cottalorda, J La thrombo-phlebite par effort, Lyon chir 29 169, 1932 

31 Hammann, W Zur Kenntnis der sogenannten Achselvenenthrombose 
(Claudicatic venosa intermittens der oberen Extremitat), Zentralbl f Chir 67 
1871, 1940 

32 Cadenat, F M Les thrombophlebite du membre superieur. Pans m6d 
35 253, 1920 
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Wnght has also implicated these structures and also the subscapulans 
muscle and has supported his opinion witli anatomic dissections 

The most convinang evidence that pressure points are involved has 
been furnished by those workers who used injection methods Gould 
and Patey,® using cadavers, injected plaster of pans into the cubital 
veins witli the arm abducted In 1 instance a shallow groove cor- 
responding to the costocoracoid ligament was shown and in 2 otliers 
a broad deep groove corresponding to the subclavius muscles Injection 
studies on living patients for various purposes have shown similar defects 
Sampson,®* during an injection with “diodrast” for visualization of the 
heart, obtained roentgenograms which showed a defect of a like nature 
just proximal to the first nb He also reported a similar observabon 
by Robb and Steinberg,®® m whose patient, mcidentally, the typical 
syndrome of tlirombosis of the axillary vein developed after the injec- 
faon as though to add emphasis to the findings In studies of this par- 
ticular area Veal and McFetridge obsen'ed the same defect, which 
they considered to be due to pressure of the subclavius muscle 

The possibihty that there is a close anatomic relationship between 
the scalenus anticus sjmdrome and the sjmdrome of obstruction of the 
axillary vein has been considered by VeaH®“ and by Judovich and 
others ® They suggested that both maj be caused by spasm of the 
scalenus anticus muscle, which, according to the latter, draws up and 
holds the first rib so as to compress the artery, vein and nerves against 
the subclavius muscle and the clavicle Judovidi and his colleagues 
reported on 2 pabents with dilatation of the veins of the shoulders and 
arms, 1 of whom at operation had dilatation of the vein lateral to the 
first nb One patient had symptoms for bvo years and the other for 
fifteen years, and both showed gradual improvement after secbon of 
the scalenus anbcus muscle The cases of Falconer and Weddell,®® 
discussed later, might also be considered to be in this categorj" 

In the'presently recorded case the flow' of opaque medium was found 
to stop at a point just lateral to tlie clavicle and first nb, and the 
obstruction w'as practically complete, w'ltli much filling of collateral 
veins This is the usual posibon of obstrucbon, the second commonest 
region being m the area of the subscapulans tendon At exploration 
the obstruction w'as shown to be due to narrowing of the space bebveen 
the clavicle and the w'all of the chest This narrow'ing, it w'as felt, 

33 Wnght, I S Neuro\ ascular S 3 Tidrome Produced by Hyperabduction of 
^rms, Am Heart J 29 1, 1945 

34 Sampson, J J An Apparent Causal Mechanism of Primarj Thrombosis 
of the Axillarj and Subclavian Veins, Am Heart J 25 313, 1943 

35 Robb, G P , and Steinberg, I , cited bj Sampson 

36 Falconer, M A , and Weddell, G Costo-Qavicular Compression of the 
Subclavian Artery and Vein Relation to the Scalenus Anticus Syndrome, Lancet 
2 539, 1943 
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was due to Inpertroph} of the subclavms muscle plus slight posterior 
displacement of the clavicle as a result of the original injury The 
deltopcctoral and costocoracoid ligaments, wdiicli many authors have 
considered to be of importance m tins sjndroine, were not shown to 
ha\e anj real sigmlicancc in the present case 

Treatment of the sMulrome of obstruction of the axillary vein has 
been largely conscr\ati\c, with rest and elevation during the acute 
stage and suggestion of change of occupation for the post-thrombotic 
sjaidroine This has not been entirelv satisfactory because of the great 
loss of tunc from work and the tact that main persons with this syn- 
drome arc unable to get work requiring less effort In a few' cases 
surgical treatment has been undertaken Cures ha\c been reported by 
thronibcclonn or b\ excision of a segment of the \ ein m the acute stages 
Paggi found and excised the thrombotic jiortion m 28 cases, w’lth 
good result Stabins more recently has reported a good early result 
from ligation and resection of the axillar\ \cin Other cases m wdiich 
excision of the thromhotic segment was earned out have been reported 
by Gu 30 t and Jeanncin,-^ Gnmault and Dantlo,*'* Chifohau and Folhas- 
son,"° Huard and LaPcirc''’ Moure and Martin-® reported a cure 
after exploration in a case m which they found no thrombus or actual 
occlusion but rather a collection of scrum and edema in the area of 
the injun Cottalorda reported a cure bj exploration m a case 
m which there was no thrombus but m which the vein w'as in a state 
of rigid spasm Ochsner and DcBakcv reported 2 cases m w'hich 
cure was effected bv sympathetic block 

In the prcscntl) reported case there w’as no thrombosis showm at 
operation, and as a result resection was not considered Since it w'as- 
a late case, mere exploration could not be expected to give a satisfacton^ 
result However, a simple procedure, i c, section of the subclavms 
muscle to relieve the pressure on the vein, artery and nerv'es, gave a 
satisfactory result It is hoped that in future cases the syndrome may 
be treated by similar simple procedures in order to improve the knowm 
senous iliorbidih of this condition It would seem reasonable to suspect 
that if the operation were carried out early, before permanent fixation 
of secondary responses, the results might be satisfactory Sympathetic 
block should first be tried in early cases because of its simplicity and 
the good results obtained by Oclisner and DeBakey 

Falconer and Weddell treated several patients wnth scalenus-anticus- 
hke syndrome wnth compression of the subclavian artery and vein In 
the first case a segment of the first rib w^as removed from beneath the 

37 Stabins, S J Primary Tlirombosis of the Axillary Vein Due to Strain,. 
U S Nav M Bull 41 1106, 1943 

38 Ochsner, A, and DeBakcj, M Therapy of Phlebothrombosis and 
Thrombophlebitis, Arch Surg 40 208 (Feb ) 1940 
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arten, -mth excellent result In the jecond case a cemcal nb -w-as 
present The scalenus anticus muscle %\as first mased, but there -was 
still pressure on the loi\er cord The tip of the cemcal nb i\as then 
remoied, but pressure remained although it M-as lessened In the third 
case compression of the lower trunk of the brachial plexus against the 
first nb bi”^ a tendinous band was reiealed, which was relieved hy sec- 
tion of the band 

It is possible that m the occasional case of scalenus anticus sjti- 
elrome m which cure is not brought about bi section of the scalenus 
anticus muscle there may be a s}'ndrome present similar to that in 
these cases and m the presently reported one Differentiation could be 
made first b^ observation of the evidences of lenous pressure, although 
in an occasional case the lem passes oier the insertion of the scalenus 
anticus and could be compressed (Gray and Judonch and others®), 
second by mjection of procame h3'drochlonde into the scalenus anticus, 
as suggested bi Falconer and Weddell and Judovich and his col- 
leagues, and third bi' careful observation at operation of the invohed 
structures and the extrenut} before and after section of the scalenus 
anticus muscle 

COXCLUSIOXS 

The simdrome of so-called thrombosis of the axillar} lein is of 
importance because of the senous morbidity 

It IS likely that a predisposing cause lies m an unusual anatomic 
relationship, w ith narrowing of the costocIaMcular space, and/or enlarge- 
ment and hj-pertrophy of the subdaMus muscle and hypertrophy of 
the costodancular fascia or, m some instances, of the subscapulans 
musde. 

Diagnosis is made by observance of the t}pical sjmptoms and signs 
and b}' venographic stud\, which gives a topical picture of obstruction 
•of the flow of opaque medium usualli in the region of the dancle and 
first nb and of fillmg of collateral channels 

Treatment has been conservative in most instances Operation is 
behev ed to be justified in a larger number of cases in iiew of its rdative 
simphaty and the consistent!}" good results reported. 

A case of so-called post-thrombotic s}ndrome is reported in which 
■considerable improvement followed the relief of pressure by section 
of the subdanus muscle. 

39 Gra\ H Anatomy of the Human Bod\, ed 24, Philadelphia, Lea S. 
Febiger, 1942, p 665 



PRECAUTIONARY ADMINISTRATION OF PENICILLIN IN 
SURGICAL PROCEDURES ON BONES AND JOINTS 

JOSEPH BUCHMAN, MD 

AND 

JOHN E BLAIR, PhD 
NEW YORK 

TOURING tlie course of a project > on Uie use of peniallin m the treat- 
ment of chronic osteomyelitis, reconimended by the Committee on 
Medical Research and contracted for by the office of Scientific Research 
and Development with tlie Hospital for Joint Diseases, the opportunity 
arose for the initiation and the subsequent development of several col- 
lateral studies All these were briefly discussed in the report ^ submitted 
at tlie official termination of the project, and others ® were subsequently 
reported i\ith additional data in greater detail This paper concerns 
itself with the use of pienicillm as a precautionary measure against infec- 
tion dunng tlie course of surgical procedures with primary closures of 
the rounds of bones and joints on (1) patients without osteomyelitic 
lesions, (2) patients with inactive osteomyelitic lesions, (3) patients 
wnth active infections and (4) patients wnth postoperative infections 
These studies w’cre closely coordinated wnth studies on the bactenologic 
status of the W'ounds and the penicillin concentration in the blood and 
unne 

PENICILLIN IN SURGICAL PROCEDURES ON NONOSTEOMYEL.1TIC PATIENTS 

At the onset of the project, when the supply of pemcillin was limited, 
the drug was used only in the treatment of clean surgical wounds when 
the operative field became contaminated or when the patient was sub- 
jected to undue trauma In those instances 20,000 units of penicillin 
was administered intramuscularly every three hours immediately after 

1 Buchman, J , and Blair, J E Penicillin in the Treatment of Chronic Osteo- 
myelitis A Preliminary Report, Arch Surg 51 81-92 (Sept) 1945 

2 Buchman, J , and Blair, J E Report on the Use of Peniallin in the Treat- 
ment of Staphylococcal Infections with Special Reference to Acute and Chrome 
Osteomyelitis and Several Collateral Studies, Bull Hosp Joint Dis 6 114-125 
(Oct) 1945 

3 Blair, J E , Carr, M , and Buchman, J The Action of Penicillin on 
Staphylococci, J Immunol 52 281-292 (Nov ) 1946 Buchman, J , and Blair, J E 
The Use of Absorbable Substances to Obliterate Bone Cavities and as Hemostatic 
Agents in Bone and Joint Conditions, J Bone & Joint Surg , to be published 
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T^dle \ —Admtmsiration of Pcittctllm m Snrgtcal Procedures on 
Paitenls Who Dtd Not Have OstcomvcUhs 

Case Comment 

1 Kxploratjon for hemiatcd nucleus pulposus and Hibb*s fusion of the lumbosacral area 
of the spine reenforced b> tibial “clothespin” Rraft, operatise field contaminated by oil 
lealan^ from motor saw healed per pnmam 

2 Open repair of extensively comminuted fracture of patella patient aired and in poor 
general condition with unexplained fever and comminuted fracture of shoulder post 
operative pneumonia and stormy convalescence healed per pnmam 

3 Open reduction of pathologic (marble bone) fracture of shaft of femur and fixation with 
Townsend Gilfillan plate healed per pnmam 

4 Open reduction and fixation with Thompson Z nail of extensively comminuted inter 
trochantenc fracture of neck of femur subjected to severe surgical trauma i spontaneous 
drainage of stenle hematoma on 14th postoperative day complicated by phlebitis of 
intemd saphenous vein healed on 40th day 

5 Open reduction of dislocation of elbow and fracture of neck of radius subsequent to 

severe trauma incidental to manipulation on two occasions under anesthesia and compU 
cated by unexplained rise in temperature, healed per prlmam ^ 

6 Intenunominoabdominal amputation for osteogenic sarcoma superimposed on Paget s dls 
case of pelvis with obstruction of rectum and urethra, complicated by postoperative 
slough of part of flap au’ay from incision due to embarrassed circulation, incision healed 

7 Sntennnominoabdomlnal amputation for recurrent osteogenic sarcoma of stump of thigh, 
healed per pnmam save for slough of flap as in case 6 

8 Excision of epiphysial plate of neck of femur for cpiphyseolj sis and unsuccessful attempt 
at nailing wifli Thompson Z nail, healed per pnmam 

9 Open dislocation of malaligned head and neck of femur with replacement of head and 
fiimtion with ivory peg, healed per pnmam (same patient as m case 8) 

10 Intra-articular arthrodesis and fixation of hip with 2 Thompson Z nails for osteo- 

arthntis, healed per pnmam 

11 Inlay bbial bone graft for fixation of symphysis pubis for disruption of pelvis incidental 
to partuntion, healed per pnmam 

12 Translocation osteotomy and fixation with reverse Neufeld nail for ununited fracture of 
neck of femur no plaster of pans immobilization, patient was turned on opposite side 
on let postoperative day, and operative site was completely disrupted, skin sutures held 
healed per pnmam 

13 Nail removed and parts realined and immobilized m plaster of pans spica, shaft 

slipped, healed per pnmam (same patient as in case 12) 

14 Fracture site (nip) exposed parts realined and fixed with stainless steel screws and 
immobilized in plaister, nonunion occurred, healed per pnmam (same patient as in case 13) 

15 Colonna reconstruction operation, healed per pnmam (same patient as In case 14) 

16 Arthroplasty of hip for osteochondritis dissecans, healed per pnmam 

17 Interscapulothoraac amputation for sarcoma of coracoid process healed per pnmam 

18 Prolonged exposure of forearm for repair of nerves because of causalgia and paralysis 

of hand repair could not be performed healed per pnmam 

19 Amputation through forearm, healed per pnmam (same patient as in case 18) 

20 Repair of ulnar nerve and tendon — 3)6 hours healed per pnmam 

21 Biceps femons transplantation healed per pnmam 

22 Tnple arthrodesis of foot and transpiantation of peroneus longus tendon, healed per priraam 
(same patient as in case 21) 

23 Synovectomy of knee for chronic hydroarthrosis, healed per pnmam 

24 Secondary arthrotomy of knee for exasion of scar from osteochondntis dissecans, chondro- 

malacic areas of patella and femur and internal semilunar cartilage healed per primam 

25 Arthrotomy of knee completely disorganized from an old infection for remo^ of loose 
bodies, semilunar cartilages and exostoses healed per pnmam 

26 Arthrotomy of knee for removal of discoid meniscus and parameniscal cyst healed 

per pnmam 

27 Biopsy and disarticulation of hip for osteogenic sarcoma, healed per primam save for 
small areas of skin necrosis due to embarrassed circulation 

28 Excision of comminuted head of radius and capitellum healed per primam 

29 Open reduction and fixation of humerus with Townsend Gilfillan plate, healed per primam 

30 Open reduction and fixation of fracture of neck of femur with Thompson Z nail 

following recovery from lobar pneumonia, healed per pnmam 

31 Translocation osteotomy of femur and fixation with reverse Neufeld nail for ununited 
fracture of neck of femur healed per pnmam 

32 Excision of fractured olecranofi and fixation of tnceps tendon healed per pnmam 

33 Arthroplasty of hip and insertion of vitallium head and neck prosthesis for Mane- 
Strum^l disease, healed per primam 

34 Obturator nerve resection heied per pnraara (same patient as in case 33) 

35 Open reduction of comminuted intertrochantenc fracture of neck of femur and fixation 
with Neufeld nail healed per primam 

36 Intra articular and extra articular arthrodesis of hip for pohomyelltis , healed per pnmam 
save for 2 small stitch abscesses 

37 Intra articular and extra articular arthrodesis of Charcot hip and fixation with Thomp 
son Z nail healed per primam 

38 Translocation osteotomji and fixation mth reverse Neufeld nail for Charcot hip, healed 
per pnmam (same patient as in case 37) 

39 Open lengthening of nght tendo achillis for spastic paralysis healed per primam 

40 Open lengthening of left tendo achillis for spastic paralysis, healed per primam (same 
patient as in case 39) 
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the operation and for about ten days tliereafter As the supply of the 
antibiotic became less limited, it was administered to patients under- 
going extensive operative procedures in which a complicating infection 
\\ ould have been disastrous When the supply of the drug became 
plentiful, its administration was extended to practically all patients 
undergoing operative procedures The technic evolved consists of the 
intramuscular administration of 20,000 units of penicillin every three 
hours day and night for t\\ enty-four hours before the surgical procedure 
and for ten dajs thereafter At the termination of the operative pro- 
cedure, as each layer of tissue is sutured, the wound is flooded with 
an isotonic solution of sodium chloride containing 250 units of penicillin 
per cubic centimeter of the solution Gauze soaked in the same solution 
IS used for a dressing o\er the wound 

Table 1 lists all the operative procedures, forty-one in number, which 
have been performed under tlie conditions just described Not a single 
infection occurred m this senes notwithstanding the fact that m some 
instances there vere actual contaminations of the field of operation, in 
otliers tliere were undue traumas before, during or after the operation, m 
others the procedures were unduly prolonged and m still others the 
procedures were of great magnitude The only wound which broke down 
(case 4) was incidental to a large hematoma which was stenle In 
several instances flaps or edges of skin underwent necrosis because of 
impaired circulation rather than because of infection 

It would therefore appear, m view of the complete avoidance of 
infecbons in the series of cases presented m table 1, that the intramus- 
cular administration of penicillin for twenty-four hours before an opera- 
tive procedure on bones and joints and for about ten days after and tbe 
local application of penicillin to the operative wound constitute a 
dependable method for the avoidance of the ordinary surgical infections 
which have plagued patients and embarrassed surgeons from time to 
time 

PENICILLIN IN SURGICAL PROCEDURES ON PATIENTS WITH 
INACTIVE OSTEOMYELITIS 

Surgical procedures were perfonned on patients who had been sub- 
ject to chronic osteomyelitic lesions of long standing, many of them 
multiple m distribution All the lesions were apparently inactive at the 
time of the performance of the operations listed in table 2 Nevertheless, 
we would have deferred most of these procedures because of the history 
of relatively recent activity in all these instances were it not for the 
use of penicillin In none of these instances was there any flare-up of 
the preexisting infections The regimen consisted of the intramuscular 
administration of 20,000 units of penicillin every three hours for twenty- 
four hours preceding the operation and for approximately ten days 
thereafter In addition, 250 units of penicillin per cubic centimeter of 
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isotonic solution of sodium chloride was used to flood the wound during 
the vanous stages of closure None of the wounds was drained 

Though the senes of instances is limited in number, it would never- 
theless appear from the expenences with tliese patients and with those 
to be descnbed in the next section tliat surgical procedures, with closure 
of the wounds, may be performed wnthout the fear of recurrence of 
recent infections when the procedures are earned out under antibiotic 
control 

PENICILLIN IN SURGICAL PROCEDURES ON PATIENTS WITH 
ACTIVE INFECTIONS 

The prewously reported demonstration * of the high frequency of heal- 
ing by primary intention of extensively saucenzed chronic osteomyelitic 

Table 2 — Admimstration of PcmctlUn iit Surgical Procedures on Patients with 

Inactive Osteomyelitis 


Case Comment 

1 Exasion of scar and skin plastic for recurrent ulcerations of scar of tibia incidental to 
saucenzation operation, healed per primam 

2 Excision of scar and translocation of fibula for nonunion of tibia secondary to infected 
compound fracture healed per pnmam 

3 Excision of spur of os calms at site of a previous saucenzation for chronic osteomye- 
litis, healed per pnmara 

4 VitaJlium cup arthroplasty of left hip for ankylosis in a patient iMth multiple quiescent 
osteomjelitic lesions, healed per pnmam 

5 Vitallium cup arthroplasty of npht hip for ankjlosis in the presence of multiple quiescent 
osteomj elitis lesions, healed per primam (same patient as m case 4) 

6 Resection of the left obturator nerve and removal of exostosis of malleolus which was 
the site of an osteomjelitic lesion, healed per pnmam (same patient as in case 4) 

7 Resection of the nght obturator nerve healed per pnmam (same patient as m case 4) 

I Quadncepsplastj for limitation of motion incidental to long-standing chronic osteomyehtis, 
healed per pnmam 


wounds treated under peniciUm control has led us to perform surgical 
procedures with primary closures and without drainage notwithstanding 
the presence of active infection elsewhere m tlie body, whether tlie infec- 
tion IS distant or m close proximity to tlie operative site The technic 
evolved consists of tlie use of 20,000 units of peniaUin intramuscularly 
every three hours for twenty-four hours before and ten days after the 
operation and 250 units of penicillin per cubic centimeter of isotonic 
solution of sodium chloride to flood the operative wound at the various 
stages of closure without drainage Gauze soaked m the penicillin- 
sodium chloride solution is used as a dressing for tlie wound In 
instances in which the invading organisms are resistant, correspondingly 
larger doses of penicillin are utilized intramuscularly and locally In 
none of tlie cases reported in table 3 have the secondary invaders 
(“nuisance organisms’’), even tliough they vere resistant to penicillin, 
interfered with the healing by primary intention 


4 Buchman and Blair (footnotes I and 2) 
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A re\ icw of table 3 indicates that convalescence was greatly shortened 
in that operatne piocedures were not postponed until infections else- 
where in the body w'ere eliminated Secondary operative closures have 
been eliminated through the avoidance of guillotine amputations, and the 

Table o — Use of PctwcilUn tit Surgtcal Procedures ou PaUents with 

Achvc Infectious 


Case Comment 

I Callander amputation i\ith primar> closure and rubber tissue dram for an extensive 
ostcomvciitis of the tuna and fibula with hnsphedema and circumferential ulceration of 
the loner half of the Icr flaps in close proximity to ulceration healed per primam 

- Rcs^tion of the fifth* toe and distal two thirds of the fifth metatarsal bone and closure 
of the wound without drainage for ostcom>ehti9 in a diabetic patient^ healed per primam 

3 Resection of the third and fourth toes and distal portion of the third metatarsal bone for 
perforating ulcers under third toe and third metatarsal in a diabetic patient, previous 
opcrati\c site (case 2) well healed, healed per primam 

4 Amputation of tlit middle part of the forearm throujjh edematous area containing? many 
thrombosed ac'scls and primar> closure with siHavomi put dram for Ranprene subse 
Qucni to operative reduction of a dislocated shoulder in the presence of persistent drainage 
from the "ihouldcr wound healed per primam several small superficial areas of necrosu 
of the skin developed final hcalinp in 136 da>8 but elbow joint, which in other circum 
stances would have been sacrificed was preserved 

5 Amputation throuph junction of middle and upper thirds of Icr with primary closure for 
chronic osteom>chtis of tibia and larRc indolent ulcer, anterior flap bordered on ulcer 
healed per primim h\ p^m^ry closure a possible loss of the knee joint or at best an 
inadcquatclj short stump was avoided 

6 Arthrolomj of the left knee for the removal of para articular and intra articular osteo- 
cartilaRcnous bodies and an intra articular exostosis which left a large dead space in the 
presence of an infected ulcer on the right leg healed per pnniam 

7 Resection of the third toe and metatarsal bone for chronic osteomyelitis healed per 
pnmam 

8 Amputation through raidportion of proximal phalanx of index finger for gangrene which 
followed self treatment skin flaps bordered on gangrenous area healed per pnmam 
making possible the prc«cr\ation of a useful stump 

9 Arthrodesis of hip for congenital dislocation m the presence of a draining sinus at site 
of the Stcinmann pin in lower end of the same femur healed per pnmam 

10 Amputation of the midlcg through the site of a previoush active chronic ostcomyehha 
of long duration and an adherent scar with the flaps bordering on a persistent ulcer 
healed per pnmam save for a small area of dr> necrosis over site of old scar 

II Skin plastic and shortening of stump (1 5 cm) for recurrent ulceration of 10 months* 
duration from irntilion of prosthesis over atrophic skin, healed per pnmam, preservation 
of an effcclivc stump below the knee would not have been contemplated without anti 
biotic control (same patient as m case 11) 

12 Amputation of the left midcalf for tuberculosis of foot with large open wound healed 

per primam 

13 Amputation of the right midcalf for tuberculosis of lower 2 inches of the fibula ankle 

joint and os calcis with sinuses and swelling above the ankle joint healed per pnmam 

14 Amputation of the raidcalf for chronic osteomyelitis of tibia with large ulcer over lower 

third of leg and arcumfcrcntial trophic disturbance of skin flaps bordered on ulcer, 
healed per pnmam (same patient as in case 23) 

15 Ncurob sis of musculospinal nerve and open reduction of fracture of midportion of 
humerus and fixation with a Townsend-GilfiUan plate m the presence o^f a pressure sore 
with a necrotic base over anterior aspect of the elbow on the same side healed per pnmam 

16 Luk-as shelf operation for pathologic dislocation of hip subsequent to destruction of head 
and neck of femur in the presence of a roentgenographically active though cltmcally 
quiescent ostcomj elitic lesion in the upper half of the same femur healed per primam 

17 Callander amputation for spreading gangrene of the forefoot in an 86 year old patient 
with arteriosclerosis complicated by diabetes healed per pnmam 


possibility of the performance of the ablations, with primary closure and 
without drainage, m close proximity to the site of disease has made 
possible the preservation of neighboring joints, which otherwise would 
have of necessity been sacnficed 
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PENICILLIN IN POSTOPERATIVE INFECTIONS OF BONES 
AND JOINTS 

The group of cases presented m table 4 is hunted m number and 
represents an accumulation over three and one-half years Four of the 
patients were operated on by other surgeons A review of these cases 
reveals no encouraging evidence pointing to the effectiveness of penicillin 
as the sole mode of therapy m tlie treatment of the postoperative infections 
described In the first 4 cases the patients uere treated in the days 
when the penicillin supply was greatly limited, and they may therefore 
possibly be excluded from consideration on the ground that the dosage 
was inadequate and that the length of therapy u'as insufficient The 
remaining patients, on the other hand, were treated with adequate 
amounts of the antibiotic over a sufficient period 

In case 5 a pemcillm-resistant organism was present, which would 
have required a blood levei of penicillin not obtainable in ordinary cir- 
cumstances The flooding of the operative wound witli a concentration 
of 250 units of penicillin would m all probability have beeri more than 
sufficient to prevent the development of the infection in that case In 
2 of the remaining cases the lesions contained pemcilhn-sensitive organ- 
isms The clinical courses of these lesions were not different from those 
of lesions in which the sensitivities of the organisms were not determined 
One may therefore conclude that the resistance of the organism to the 
influence of the antibiotic is not the deciding factor in the ineffectiveness 
of the drug under the given conditions 

The failure of penicillin as the sole mode of therapy to modify tlie 
course of the postoperative infection is readily understandable if one 
takes into consideration tlie inherent nature of the lesion It is similar 
to the usual ‘ surgical infection” m contrast to the “medical infection ” 
The latter is characterized by an inflammatory process, with httle or no 
necrosis of tissues The lesion therefore remains in communication, 
or even may be in closer communication, with the blood stream because 
of the increased blood supply to the part and may therefore be influenced 
by therapeutic agents within the stream A "surgical infection,” on the 
other hand, is characterized by an inflammatory process on which there 
IS superimposed multiple thrombotic phenomena, necrosis, suppuration 
and a ualling-off process which greatly diminishes and eventuall}'’ shuts 
off the blood supply to the local lesion so that therapeutic agents con- 
tained within the blood stream ma}' become ineffective because of inability 
to reach the lesion In the early phases of the surgical infection, before 
the tissues become thrombosed and necrotic, penicillin therapy may be 
effective From these considerations it becomes evident that the timing 
of the administration of penicillin is the crux of the situation 

The earl\ phases of postoperative infection presumably occur at the 
time of the surgical procedure and soon thereafter, when no appreciable 
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Table 4 — Use of Pciitcilhn tn Postopcialwc Infections of Bones and lomts 


Case Comment 

^ ^ severe postf^crativc nifection foltowinp Hibb’s fusion of tbe lumbosacral area of tbe 

and spine nith a double clouic^pm libnl bone fjraft associated witli pneumonia and bac 

2 terenin caused bj coagiinsc positi\e Sfapln lococcus aureus, with subsequent bre^-down 
of both wounds was treated with 60,000 units of pcmciUin daily intravenously for 
5 da>s and 12,500 units in daih local dressings Treatment was started on the 12tb 
postoperntn c di} when the bnctcremn !nd already subsided No appreciable effect could 
be noted from the u^c of *\ total of 362 500 units of penicillin 

3 An mfc^ion suli'^equent to a Warier postenor bone block of the foot was found 
on the lOlli postopcratiNL diN, and culture revealed coapulase positive Staph aureus and 
sccondarj inMdcrs administration of 20.000 units of peniciUin everj three hours mtra 
mu'cularlj and dail\ local application of 250 units per cubic centimeter of isotonic 
solution of podium chloride were started on the same da> The total amount of pemcilUn 
ycd was 590,000 units The temperature did not subside until the wound was drained 
The subsequent course did not demonstrate any beneficial effect from the use of penicillin 

4 An infection arose after Hibb's fusion of the lumbosacral area of the spine reenforced 
bi libiil bone prafts Coapulase posili\ c Staph aureus was cultured from the blo^ and 
the opcrali\c wound (spine) The mtra\cnous administration of 150,000 units of peni 
alhn dadj and the local application of 250 units per cubic centimeter of sodium chloride 
solution were started on the 8lh postoperative day when the blood was already sterile 
\ total of 681,000 units was administered without an> appreciable effect on the clinical 
course 


5 An infection incidental to an open reduction of a fracture on the neck of the femur 
and fixation with a Thompson Z nail was noted on the JOtb postoperative day, the 
wouml was opened penicillin was applied Iocali> and an immediate dose of 40 000 units 
was administered inlramuscularb This was followed b> doses of 20 000 units given 
c\cr> 3 hours and daiU local applications of 250^nits per cubic centimeter of sodiuro 
chloride solution The wound >icldcd coapulasc^pdfeitive Staph aureus and secondary 
in\a<Icrs, the Staph aureus was found to be resistant to 3 0 units of penicillin and 
was dcstro>cd b> 6 0 units while the blood concentration was only 0 312 unit. Sulfa 
thiazolc was therefore pi\cn h> mouth in addition to the penicillin The temperature 
contii ucd to RO up to 104 b and chiUs occurred on the 17tb 19th and 20tb post 
operatue da>s The blood culture continued to reveal organisms till the 25th postopera 
ttvc daj Thereafter the temperature bepan to drop to more normal levels and on the 
29lh da> the blood culture was sterile Penicillin to the amount of 3 460 000 units was 
administered intramuscularb o\cr a period of 23 da>s m addition to the local appU 
cation of the drug, 86 Gm of sulfathnzolc was administered o\er a penod of 15 of 
the 22 da)s and sc\cral transfusions were given Penicillin alone and the reenforce- 
ment with sulfatlinzolc did not seem to have any influence on the course of infection 
and the patient continued to bate a pcrsisteri sinus and nonunion The nail was extruded 
during the course of the infection 


After arthroplast) for an atik>lostd hip incidental to Mane Slrumpell disease and 
immobilization in a ph‘;tcr of pans spica for 18 da>s during which the hignest tem 
pcralurc was 100 F , a pronounced rise m temperature developed subsequent to the 
rcmoial of the spica Repeated examinations and aspirations of the operative site failed 
to reveal anv infection On the 27th postoperative day an area of redness was noted 
this was probed, and pus was cncoimUred and evacuated Tbe area was flooded with 
i*‘Otonic solution ot sodium chloride coiuaminp 250 units of penicillin per cubic centi 
meter and intramuscular administration of 20,000 units of tbe drug ever> 3 hours was 
started immediately Neither the temperature nor the discharge was controlled till the 
wound was opened under general anesthesia and the limb rcimTnobihzcd m a plaster of 
pans gpica A second exploration, with icmoval of diseased bone, flooding of the wound 
with penicillin and closure without drainage in association with the preoperaUve and 
postoperative administration of penicillin intramuscularb finally resulted m healing 
The primary administration of 1 480,000 units of pcniciUm at the onset of the infection 
was totally incflfcctivc 

Prior to the performance of an intra articular arthrodesis of a hip and its fixation with, 
a Thompson Z nail 100 000 units of penicillin was adnimistercd in 5 doses For some 
unexplained reason the operative wound was not flooded with penicillin, nor was the 
postoperative intramuscular adminislratun of peruciUm earned out A culture from 
the operative field was sterile On the oth postoperative day the patient was found to 
have a streptococcic dcrmatopb>tos)$ of one hand A moderate use in temperature 
persisted The wound was dressed on tin 8th day and a slight sanguineous discharge 
was noted A culture revealed 'v coapulase positive Staph aureus sensitive to 0 078 
unit of penicillin and secondary invaders The discharge persisted and increased i-ocal 
and systemic penicillin therapy was started on the 13th postoperative day atJcL a total 
of 2,600,000 units was administered over a penod of 17 da^s without an> influence 
whatsoever on the infection Aher a penod of 2 mon^s the wound and sinus were 
subjected to a thorough debridement flooded with pemciUm and closed wi^out drainage 
in conjunction with the preoperative and poslopcratiye administration of -0 000 units of 
peniciiun mtramuscularU every 3 hours The wound healed m 20 days 
On the 6th dav after an arthrodesis of a flail knee incidental to poIiorayeUtis and 

fixation with a Townsend Gilfillan plate and a plaster of pans cylinder the patients 

temperature rose to 102 6 T Tbe plaster bandage was bivalved and a purulohemor 
rhagic discharge was encountered S>steinic and Jo^l applications of peniciUm i^ere 
started iramediatcb DurmR the followinR 4 days, the temperature ^adually subs,drf 
A number of sinuses developed and pws was drained After a period of 40 days ^ 
wounds healed A total of 2,180 000 units of pemcilhn was administered over a period 
of 14 days The effect on the wound ts dubious The infective orcanism was a coagulase 
positu e Staph aureus sensitive to 0 01 unit of penicillin 

The start of sistcmic and local applications of penicillin on the 6th daj after an opera 
tinrt frtv n rtf thp Tipck of thc fcmut flod its fivation with a Thompson Z nail 

m a^70 old woman sperms from chronic rheumatoid arttntis and pernicious 

anemia with a fluctuating temperature and local evidence of mfection failed to pr^ 

anemia w iiu a nmau ui course. The wound broke down and drained 

duce a favorable mfiu no temperature subsided and the use of penictllm 

copiously After ^ s“Xc Smini^atiou of 30 000 units of pent 

was discontinued ^ the temperature bcRan to mcrease and 

cilUn was start^ ”i 'thp",rvsilateral knee and contralateral ankle. LarRe quantities 
metastatic foci developed in the ipsitaterai Knee aim v-u nf the disease 

of penicillin were used without any appreciable effect on the coarse ot tue disease 
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clinical signs are present to indicate tlie presence of an infection In 
view of this, penicillin therapy if it is to be effective must be started 
before tlie evidences of the infection are clinically apparent, tliat is, at 
the time of the operative procedure That this reasomng is correct is 
indicated by the data presented in tables 1 and 2 on a senes of 48 
patients subjected to a large variety of operative procedures under 
varying conditions of preoperative, operative and postoperative trauma 
without a single gross postoperative infection 

CONCLUSIONS 

In view of the foregoing observations it seems reasonable to draw 
the following conclusions 

1 Pemcilhn, as tlie sole agent of tlierapy, is ineffective in the control 
of postoperative infections m surgical procedures on bones and joints 
unless it is administered during the earliest phases of infection, that is, 
at the time of operation or soon thereafter This ineffectiveness refers 
only to the local lesion and not to the systemic lesion (bacteremia), if 
It should be present 

2 The precautionary antibiotic control of surgical procedures, with 
primary closure, on bones and joints is an effective method for the 
prevention of postoperative infections This consists of the preoperative 
and postoperative intramuscular administration of adequate doses of 
penicillin and the flooding of the operative wound at the time of closure 
ivithout drainage with a penicillin-sodium chloride solution of adequate 
concentration 

3 The precautionary antibiotic control of surgical procedures, with 
pnmarj' closure without drainage, on bones and joints m persons with 
quiescent osteomyeliUc lesions, regardless of the penod of quiescence, 
IS an effective method for the prevention of the flare-up of these infec- 
tions 

4 The precautionary antibiotic control of surgical procedures, witli 
pnmary closures without drainage, on bones and joints in tlie presence 
of active infection, be it in close proximity or at a distance, is an effective 
metliod of obtaining healing of the operative wounds by pnmary inten- 
tion This technic makes possible the shortening of convalescence, the 
avoidance of secondary operative procedures and m certain instances of 
amputation the saving of the proximal joint 
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and to determine the relationship of the deaths to the anesthetic man- 
agement 

The senes of 688 mtrathoraac operations presented here represents 
the work of nine surgeons and tiventy physician-anesthetists The 
greater share of the operations were made by two general surgeons who 
specialize m thoracic -n ork and three resident surgeons whom they have 
tramed Some of the sympathectomies were performed by two neuro- 
surgeons The vagotomies were made by two general surgeons as well 
as by one of the aforementioned thoracic surgeons Five faculty phy- 
sicians and fifteen residents made up the group of twenty physidan- 
anesthetists 

The operations performed are listed m table 1 

Table 2 presents the sex ^nation in the senes of patients Four 
himdred and fort)’’-mne, or 68 16 per cent, were males, and 239, or 31 84 
per cent, were females It is noteworthy that the females exceeded 
the males only m the group w'ho had lobectomy (mostly for bronchiec- 
tasis) and m the group who had sjunpathectomy for malignant hyper- 
tension Eighty-five and four-tenths per cent of those who undenvent 
pneumonectomy n ere males, as were 83 9 per cent of those who had 
operations on the esophagus and cardia and 82 4 per cent of those who 
had ^’agotomy for peptic ulcer 

The age madence of these patients appears m table 3 It is of 
mterest that the operations performed on patients below 10 years 
of age were mainly lobectomies for bronchiectasis and intervention for 
■cardiac lesions Also there were fen operations on the esophagus or 
■cardia m patients under 40 years of age, nhile 115, or 77 18 per cent, 
of the patients who had this type of operation were over 50 The 
majont}" of patients were above 60 years of age, and 5 were over 80 

The physical state of the patients is revealed in table 4 Only 87, 
or 12 7 per cent, n ere m good physical condition, while 230, or 33 4 per 
cent, were m fair physical condition Three hundred and seven1y-on^ 
•or 53 8 per cent, were in poor or serious preoperative condition. 

The best risks were m the group having ^'agotomles for peptic ulcer 
From 85 operations m this category there was only 1 death, which 
occurred early in the senes Regurgitation and aspuation from acute 
■dilatation of the stomach developed after a patient was ambulatory on 
the second postoperative day, and death ensued on the seventh post- 
■operative day from aspiration pneumoma This hazard is now elimi- 
nated by the judiaous aspiration of the stomacli postoperatively 

Table 5 presents the madence, time and cause of death m the total 
sdnes of 688 operations Fifty-nme, or 8 5 per cent, of the patients 
■died The 6 deaths (0 9 per cent) in the operating room were unrelated 
to anesthesia The} nere due to uncontrolled hemorrhage m 3 patients. 
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tumor thrombus in the heart m 2 and coronary occlusion from the intra- 
cardiac operation m 1 

The greatest number of deaths (15) occurred one to tliree days 
postoperatively It is difficult to differentiate the role of anesthesia, 
operation and physical status in the deatlis from circulatory failure, 
pulmonary involvement and uremia during this period The death from 
tracheal perforation was from a surgical accident There had been no 
intrinsic trauma or irritation of the tradiea during anesthesia 

Table 6 classifies the deaths as to their apparent cause There were 
no deaths due to the anesthesia alone Of the deaths, 11 86 per cent, 
or 1 01 per cent in the total series, were due to a combination of anes- 
thesia and operation, while 15 26 per cent (or 1 3 per cent in the total 
scries of operations) were due to the operation per se Twenty-three 
and seven-tenths per cent (2 03 per cent of the senes) were due to the 
operation and the disease, and the same percentage were due to the 
disease alone Of the 14 deaths grouped under "sepsis or late surgical 
accidents," 5 were due to sepsis, 1 to morphine overdosage, 1 to uremia 
from sulfathiazole, 2 to uremia from nonanesthebc causes, 4 to separation 
of sutures and 1 to suicide, making up 23 73 per cent of the total deaths 
or 2 03 per cent in the series of 688 operations 


COMMENT 

Gillcspie ® found a total of 283 deaths dunng anesthesia for all types 
of surgical procedures in 227,546 patients in five teaching hospitals on 
three continents, making a mortality rate of 0 12 per cent Waters and 
Gillespie® reported 47 deaths in the operating room during anesthesia 
for 44,894 operations of all types, an immediate mortality of 0 104 per 
cent Of the 47 deaths, 8, or 17 9 per cent, occurred during intrathoraac 
operations Death was due to hemorrhage m 4 patients, hypoxia in 2, 
obstruction in 1 and circulator)' failure m 1 They emphasized the fact 
that the particular anesthetic agent used is of less importance than its 
judicious application 

Trent and Gastcr reported 38 sudden deaths dunng anesthesia 
for 54,128 operations of all t)pcs, or 0 702 per thousand They had 27 
so-called anesthetic deaths dunng general and spinal anesthesias for 
39,880 operations of all tipes, or 0 677 per thousand 

How can deaths during or following intrathoraac surgery be mini- 
mized or a\oidcd’ 


R GiUc';j>ic, N A Deitb During Anacsthecia, BnL J 4nacsth 19 1 16 
(Jm) 1944 

Waters. FL N, and Gillespie, N A Deaths m the Operating Room 
\nruhrMolog^ 5 113-128 (Mardi) 1944 

10 Trent, J C and Garter, E. Anesthetic Deaths in 34,128 Consecuti\e 
Ci'fs, Ann Siirp 119 054 .p <;8 (Tnnc) 1944 
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Prcopcrativc Prcpavahon — ^The deh 3 'drated and undernourished 
patients should receite adequate fluids parenterally administered and 
plasma and blood transfusions in order to get the fluid and electrol 3 de 
balance as well as the plasma protein level as near normal as possible 
It esophageal obstruction is not too se\ere, tliey should receive a high 
caloric hquid diet to improve their general condition 

\ ital capacitj , as well as plasma protein levels and hematocrit read- 
ings, must be determined before the operation 

Ruid or secretions must be removed from the esophagus, stomach 
or respiratory tract before anesthesia. With gastnc or esophageal lesions 
this IS easily managed by the use of an aspiration catheter Pulmonary 
secretions should be removed as well as possible preoperatively by 
bronchoscopy and the frequent use of dependent drainage, particularly 
just before the patient comes to the operating room 

T*eu; 6 — Anesthesia, Operation and Disease as Causes of Death in Intrathoracic 

Operative Procedures 
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i’ crrdicat’on should be adequate enough to dispel apprehension, 
r f nnuct in and yet not to make sputum more tenacious Over- 
' . 'I 1 ith e-j-i'ratory depression, must be avoided Most of our 

; I u rcicurd premedication one to one and one-half hours before 

■ h' ‘•tart I't anc'diesia Morphine in dosages of 00075 to 0015 Gm 
combined with calcium pentobarbital, 009 to 0 27 Gm by rectum in 
'0 to 50 cf- of water or pentobarbital sodium, 0 12 to 024 Gm intra- 
m ■^cu!arI\ were the drugs most frequently employed 

■H.esUictic Management — Early in the twentieth century Von 
'I ktilic7 ' Sauerbruch, • Meltzer and Auer,^® and Elsberg^'* worked 

n \ n Mikulicz, cited by Killian, H Scope and Utility of Differential 

e ^cre in Thoracic Surgerj, Anesth & Analg 17 154-162 (May-June) 1938 

12 Sauerbruch E F Present Status of Surgen of the Thorax, JAMA, 
51 'TKTS15 rSept 5) 1908 

13 ^^cItzer, S J , and '\uer, J Continuous Respiration Without Respiratory 
M \cmcnts J Exper Med 11 622, 1909 

14 Elsbe-g C A The Value of Continuous Intratracheal Insufflation of 
■\ir m Thoraac Surgerj-, M Rec. 77 493, 1910 
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on mechanical methods of solving anesthetic management in intra- 
thoracic surgery At the present time four methods of anesthetic man- 
agement are employed m this type of surgery (1) anesthesia by the 
endotracheal technic, “ (2) anesthesia by the face mask technic with 
positive pressure,’® (3) high spinal ane'^thesia ” and (4) local anes- 
thesia 

The maintenance of the anesthetic state is but a small part of the 
problem m intrathoracic procedures Adequate pulmonary ventilation 
at all times is of most importance and is the responsibility-^ of the 
anesthetist Undue alteration in the cardiorespiratorj' mechanism must 
be prevented 

The two most important problems for the anesthetist are the pre- 
vention of anoxia and the removal of foreign material from the trachea 
and bronchi 

Good postural drainage should be provided throughout anesthesia 
Often in severe cases of increased pulmonary secretion the air passages 
may become obstructed if good postural drainage and adequate oral 
suction are not employed during induction of general anesthesia and 
before the plane of narcosis has been reached This difficulty arises 
before the plane of narcosis has reached a sufficient depth to permit the 
introduction of an endotracheal catheter, if that method is employed 
The difficulties that may be encountered by the anesthetist with endo- 
tracheal anesthesia in intrathoracic surgery have been thoroughly dis- 
cussed by Maier 

A longer induction period is required if the endotracheal technic is 
to be employed, which prolongs the total period of anesthesia Intubation, 
if employed, must be carefullv and expertly performed under deep 
anesthesia, without local injurj- and without producing even momentar}-' 
anoxia, as patients undergoing thoracic operations are less able to 
tolerate hypoxia or additional manipulative procedures than the average 
surgical patient We haie not considered it imperative to introduce an 
endotracheal catheter if a clear airway is evident during induction, and 

15 Dunlap, J G Anesthetic Practices in Thoracic Surgerj, Anesth S. 
Analg 18 301-311 (Non -Dec ) 1939 

16 Phillips, F , Lin ingstonc, H lil , and Adams, W E A Clinical Consider- 
ation of Anesthesia in Intrathoracic Operations, Anesth S. Analg 20 78-87 
(March- April) 1941 

17 Magill, I W Anaesthesia in Thoracic SurgerN, NNith Special Reference 
to LohcctomN, Proc Ron Soc Med (Sect Anacsth 1 29 7-16 ( \pnl) 1936 

18 ONCrholt, R H , Wibon, N T, and I-anger, L Further Experience in 
Puhuonan Resection in the Treatment of Pulmonan Tubcrculosic, read at the 
meeting of the \merican \ssociation for Thoracic Surgen, Detroit, MaN 31, 1946 

19 Maicr, H C Rcsponsibilitj of the Ancstbctist m Reducing the OperatiNC 
Complications of Thoracic Surgen, \ncstliesiologN 5 11-21 (Tan) 1^44 
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we have expenenced no difficulty in producing adequate positive pressure 
by the use of an oral airway, a tight-fitting face mask and an anesthesia 
machine which gives positive pressure. Suction of the oral and pharyn- 
geal areas, aided by a position of the patient favoring drainage dunng 
the operation, has seemed satisfactory The majority of the patients 
have immediate postoperative bronchoscopic aspiration while still m 
the operating room Oxygen is administered dunng bronchoscopy 
The lateral recumbent position for mtrathoraac procedures causes 
more respiratory difficulty than the supine position, hence it is a wise 
practice to induce anesthesia with the patient in the latter position and, 
after good surgical anesthesia and a patent airway has been established, 
then to place and secure the patient in a proper position which interferes 
least with the pulmonary ventilation 

Cooperation between the anesthetist and the surgeon is essential 
The surgeon must always be kept mformed of the actual condition of the 
patient, for he may be able to assist m overcoming any difficulties or to 
modify his surgical management to prevent a disaster 

Increased respiratory effort on the part of the patient mdicates 
inadequate pulmonary ventilation This may be due to obstruction m the 
air passages or to inadequate inhalation pressure of oxygen The 
detnmental effects of anoxia may lead to cardiac failure as well as to 
damage to the central nervous system It is questionable if controlled 
respiration is a safe procedure, and most surgeons find it unnecessary 
It has been found that when the inhalation anesthetic agent, com- 
bined with an adequate amount of oxygen, is admimstered with suffiaent 
inhalation pressure, the blood arterial oxygen can be kept at a satisfactory 
level Oxygen administered with adequate inhalation pressure is most 
important The amount of distention or deflation of the lungs should 
be controlled by regulating tlie exhalation pressure rather than by 
decreasing the inhalation pressure if asphyxia is to be avoided A normal 
cardiorespiratory mechanism can be maintained through proper control 
of inhalation pressure and the judicious use of analeptics or other drugs 
when indicated It is also assisted by the prompt replacement of any 
fluid or blood loss 

Intrathoraac operabons should not be started without a cannula 
being in place intravenously and a blood transfusion started or immedi- 
ately available White and Buxton found an average loss of blood of 
1,607 5 cc in 10 lobectomies and an average loss of 1,458 cc in 6 pneu- 

20 Thornton, T F, Ir , Martin, R C , Livingstone, H M, and Adams, 
W E The Effect of Variations of Intratracheal Pressure and Anesthetic 
Mixtures on the Arterial Blood Oxygen, Anesthesiology 6 498-504 (Sept) 1945 

21 White, M L., Jr, and Buxton, R, W Blood Loss in Thoraac Operations, 
J Thoradc Surg 12 198-202 (Dec) 1942 
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monectomies The investigation of Thornton, Adams and Schafer®* 
substantiated these findings It is necessary to replace promptly all blood 
lost during the surgical procedure if shock is to be avoided In addition, 
it has been found that after pneumonectomy the pleural fluid which 
accumulates in the remaining space contains 4 to 5 Gm of protein per 
hundred cubic centimeters Since this space usually has a capacity of 
between 700 and 1,000 cc, the amount of protein thus removed from 
the circulating blood and the body tissues is considerable Hypopro- 
teinemia, with its resulting ill effects, can be avoided by filling this 
pleural space with plasma at the time of the operation, as advocated by 
Adams and his associates,*® in addition to administenng an adequate 
amount of blood or serum intravenously 

Anesthetic drugs having the least tissue toxicity and a minimum of 
depression to the respiratory mechanism should be employed, and an 
effort should be made to have the patient awake as soon as possible 
after the procedure We most frequently employ ethylene-oxygen 
induction and add ether with an increased amount of oxygen during 
maintenance The snug-fitting face mask with a positive inhalation 
pressure of 4 to 8 mm of mercury was employed throughout except 
m a few vagotomies, m which for teaching purposes cyclopropane, 
oxygen and ether were used endotracheally 

Just before the chest is closed the anesthetist should gently ranflate 
the lung with moderately increased positive pressure, so as to reexpand, 
under direct vision, any atelectatic areas Over distention and tension on 
suture lines must be avoided At the close of the operation the residual 
air in the pleural cavity is aspirated by the use of a pneumothorax 
apparatus until the pressures are ivithm normal limits (8 to 16 cm of 
water) , 

Routine bronchoscopic aspiration of mucopus and blood from the 
tracheobronchial tree is indicated m the operating room before the patient 
recovers consciousness 

Postoperative Management — Oxygen therapy should be instituted 
as soon as the patient returns from the operating room Nasophamygeal 
insufflation of 10 to 12 liters per minute of humidified oxygen is a simple 
and efficient method of management. A patent airway must be main- 
tained Bedside suction is extremely necessarj^ and mucus and other 
secretions in the upper air passages must be remo^ed promptly The 
endotracheal aspiration technic of Haight*^ is a Aaluable procedure in 

22 Thornton, T F , Jr , Adams, W E, and Schafer P W poproteinemia 
m Thoracic Surgeri , Surg , G^•^ec Obst 79 368-373 (Oct) 1944 

23 Adams, W E , Thornton, T F, Jr, and Carlton, L M Jr The Use of 
Blood Plasma for Filling the Pleural Space Following Total Pncumoncctomj , 
Ann Surg 122 905-916 (Dec ) 1945 

24 Haight, C Intratracheal Suction in the Management of Postopcratia e 
Pulmonarv Complications, Surgcr^ C 445-449 (Sept ) 1939 
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some patients When this method does not suffice for the removal of 
tenacious bronchial secretions, bronchoscopy should be employed 

Dunng the first twenty-four hours after surgical intervention, an 
apparatus for the administration of oxygen with positive pressure should 
be kept readily available It is rarely needed but is a valuable safeguard 
in case of emergency 

The surgeon should use continuous suction drainage applied to a 
stab wound drain of the pleural cavity except after pneumonectomy 
This prevents an accumulation of exudate and maintains the lungs in 
complete expansion Usually a double Wangensteen apparatus is 
employed, which maintains a siphonage of 25 to 30 cc of water 

Adequate water and mineral balance must be maintained through the 
use of intravenously and subcutaneously administered fluids as long as 
necessary After resection of the esophagus, nothing by mouth is advis- 
able for at least four to five days Trailsfusions of blood and plasma 
should be repeated whenever indicated to prevent postoperative shock, 
anemia and hypoprotememia and to hasten convalescence The hema- 
tocnt reading has been a much better index than the red blood cell 
count or the hemoglobin value for the determination of the true state 
of the oxygen-transporting medium 

SUMMARY 

A senes of 688 intrathoracic operations are presented, and the 
death of 59, or 8 57 per cent, of the patients is discussed An attempt 
has been made to determine the relationship of the deaths to the anes- 
thetic and surgical management The pnnciples that should be observed 
in the management of patients undergoing mtrathoracic procedures are 
presented in an effort to reduce the incidence of fatalities from this type 
of surgical treatment 

In companson with the reported death rates in the operating room 
for all t3q)es of operations, the incidence of deaths from operations of 
the magmtude of mtrathoracic procedures is not high in view of the 
patients’ preoperative physical status 

25 Adams, W E , Thornton, T F , Carlson, A J , and Livingston, H M 
Anoxia and Anesthesia in Intrathoracic Operations, Surgery 13 859-879 (June) 
1943 



ASCORBIC ACID, THIAMINE, RIBOFLAVIN AND NICOTINIC 
ACID IN RELATION TO ACUTE BURNS IN MAN 

C C LUND, M D 
S M LEVENSON, M D 
R W GREEN, M D 
R W PAIGE, B S 
P E. ROBINSON, B S 
M A ADAMS, B S 
A, H MACDONALD, B S 
F H L TAYLOR, Ph D 

AND 

R E. JOHNSON, MD, Ph D 
BOSTON 

A lterations m the metabolism of proteins, carbohydrates and 
' electrolytes following bums have been extensively studied in the 
past few years In contrast, few investigations of possible changes in vita- 
min metabolism following bums have been made Uzbekov,* Qark and 
Rossitcr • and Harknns ^ have reported decreased ascorbic acid content 
of the adrenal cortex in burned guinea pigs and rabbits, while Lam * 
has reported a decrease in the plasma ascorbic aad concentration in 

The preparation of the data for publication was aided by a grant from tlic 
Jolin and Mary E Markle Foundation 

The work described in this paper was done in part under contracts, recom- 
mended by the Committee on Medical Research, between the Office of Scientific 
Research and Development and Harvard Unnersitj 

From the Thorndike Memorial Laboratorj', Second and Fourth klcdical 
Sen ices (Harvard) and tlie Burns Assignment of the Surgical Scniccs, Boston 
Cit\ Hospital, the Department of Mcdiane and Surgerj', Harvard kfedical School, 
and the Fatigue Laboratory of the Har^-ard Business School 

1 Uzbekov, G A Problem of Avitaminoses Effect of Bums on Metab- 
olism of Vitamin C, Klin med 15 237-240, 1937 

2 Oark, E. J , and Rossitcr, R. J Carboln drate Metabolism After Burning, 

Quart T Exper Physiol 32 279-300, 1944 

3 Harkins, H N Present Status of the Problem of Thermal Bums, 
Phasiol Rc\ 25 531-572, 1945 

4 Kam, C R Chemical Pathologa of Bums Collectne Reweu, Surg^ 
G'-nec 3, ObsL 72 390-400, 1941 
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pabents with extreme bums Andreae, Schenker and Browne ® found 
that patients with bums or fractures characteristically showed a pro- 
noimced retention of riboflavin during the first three to five days after 
injury This was followed by a period of similar duration m which 
there occurred an increased loss of riboflavin in the unne About ten 
days after injury the riboflavin balance returned to normal They sug- 
gested that the nboflavm retained during the first period was stored 
in some way and subsequently released Later, dunng the convalescent 
penod, both nitrogen and riboflavin were retained, 0 3 mg of riboflavin 
being retained for each gram of nitrogen Andreae and Browne,® in a 
later report, confirmed these observations, and in addition reported a 
high retention of ascorbic aad in similar pabents in the early days after 
injury, which, in contradisbncbon to the retenbon of nboflavm, was 
not followed by a penod of increased loss of ascorbic acid This, they 
expressed the belief, could not be attributed to preexistmg deficiency, 
faulty absorpbon, impaired excrebon, retenbon in the bssues or in the 
edema fluid or excrebon in the form of dehydroascorbic aad 

The present study is concerned with the alterabon in the plasma 
concentrafaon of ascorbic acid and in the unnary excrebon of ascorbic 
acid, thiamine, nboflavm and N-methylnicotmamide m pabents with 
bums admitted to the Boston City Hospital dunng 1944-1945 

METHODS 

The patients studied were cared for by members of the Bums Assignment of 
the Surgical Services of the Boston City Hospital The dietary calculations were 
made by a research dietitian All hematologic and routine chemical deterrrunabons 
were made by the methods previously published from the Thorndike Memorial 
Laboratory'^ Determinations of plasma ascorbic acid were made m the Thorn- 
dike Memonal Laboratory by the method of Mmdlin and Butler ® The determina- 
tions of vitamm output were made m the Harvard Fatigue Laboratory, the field 
methods ® developed there being used Both fastmg and hourly excretion rates and 
the excretions after the injecbon of test doses were determmed Low fastmg hourly 
excretion rates of ascorbic acid, thiamine, nboflavm and N-methylnicotmamide 

5 Andreae, W A , Schenker, V, and Browne, J S L. Riboflavm Metab- 
olism After Trauma and Dunng Convalescence m Man, Federation Proc 5 3, 
1946 

6 Andreae, W A , and Browne, J S L , in Proceedings of the Eighth Meet- 
ing of the Assoaate Committee on Army Medical Research, National Research 
Council of Canada, Ottawa, 1946 

7 Levenson, S M , Davidson, C S , Lund, C C, and Taylor, F H L. 
The Nutrition of Patients with Thermal Bums, Surg , Gynec & Obst 80 449-469, 
1945 

8 Mmdlin, R L , and Butler, A M Determination of Ascorbic Acid in 
Plasma, Macromethod and Micromethod, J Biol Chem 122 673-686, 1938 

9 Johnson, R E , Sargent, F , Robinson, P F, and Consolazio, F C Assess- 
ment of Nutrition and Metabolic Conditions m the Field, War Med. 7 227-233 
(April) 1945 
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together with low excretions of these substances after mjeebon of test doses have 
been considered indicabve of bssue unsaturabon ® The fasbng hourly excrebon 
rates were usuallj determined three times a week on alternate days For pres- 
entation in some of the accompanying charts and tables and in part of the text, 
the figures from these determinabons and also from the plasma ascorbic aad 
determinabons have been averaged and tlie weekly aserage listed The average 
fasbng hourly excrebon of the four vitamms under considerabon in normal adult 
males on a normal diet® is represented on the charts by dotted hnes at the 
appropriate levels 

Vitamin supplements were given orally m the form of ascorbic acid tablets and 
“multicebnn” capsules These contain the following in each capsule thiamine 
hj drochloride, 3 0 mg , riboflavin, 3 0 mg , pyridoxine hydrochloride, 1 5 mg , 
pantothemc acid, S 0 mg , mcobnamide, 25 mg , ascorbic and, 75 mg , distilled 
natural tocopherols, 10 mg , vitamin A, 5,000 U S P units, and vitamm D, 1,000 
U S P units Vitamins were given intravenously in the form of single or mulbple 
vitamin preparabons 

Saturation tests of vitamms were made in the following manner After a 
fasting speamcn of blood and a fasting hourly specimen of unne were taken, the 
test doses were given intravenously Specimens of blood and of unne were then 
collected at intervals of one-half, one, two, three and four hours Two different 
test doses were used. One, named a “high test” dose,*contained 1 Gm of ascorbic 
acid, 20 mg .of thiamine hj'drochloride, 12 mg of riboflavin and 200 mg of 
nicotinamide. The other, the “low test” dose, contained 250 mg of ascorbic acid, 
5 mg of thiamme-hydrochlonde, 3 mg of riboflavin and 50 mg of mcobnamide The 
field methods of the Hanard'Fabgue Laboratory have been used to study fasbng 
liourh excretions and excretions after “low” saturabon tests on manv thousands of 
soldiers in all parts of the w'orld ® Both “high” ajid “low” saturation tests have 
been made on many normal subjects and scorbutic pabents at the Boston City 
Hospital, and the results of these studies will be published shortly 

The percentage of body surface burned was estimated by the method of Lund 
and Browder The depth of burn w’as classified according to the method of 
Comerse and Robb-Smithi® In some cases the depth of bum cannot be estimated 
accurately on the patient's entry to the hospital and for some time thereafter 
For patients who died before an accurate classificabon of the depth could be made, 
the area of deep bum was estimated as fairly as possible. Dressings in most 
instances were drj sterile pressure dressings i® applied usually without anesthesia 
The dressings were changed at one to two week intervals Grafting was done by 
tlic Padgett dermatome technic under cyclopropane ancstliesia 

The patients ha\c been divided according to age, children and adults being 
considered separated This was done for the following reasons (1) children are 
actnch growing, (2) the children’s wmrds were better staffed with nurses and (3) 

10 Lewis J , Dindson, C S , Adams, M A , Robinson, P , Paige, R W , 
MacDonald, A H , Tajlor, F H L, and Johnson, R E Unpublished data 

1 1 Lund, C C , and Brow der, N C Estimabon of Areas of Bum, Surg^ 
Ginec Obst 79 352-358, 1944 

12 Com erse, J kl , and Robb-Smith, ^ H T The Healing of Surface 
Cutaneous Wounds Its Anilog\ with the Healing of Superficial Bums Ann 
Surg 120 873-875 1944 

13 Lcicnton, S M and Lund, C C Dermatome Skin Grafts for Bums in 
Piticnts Prepared with Dn Dressings and With and Without Penicillin, New 
Fneknd T Med 233 607-612 1945 
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the food offered to the children was by and large ‘better’ than that offered to the 
adults and usually contained appreaably more vitamins Each group has m turn 
been divided into those with ‘mmor’ and those with ‘major’ bums, the latter group 
being compnsed of pabents with more than 15 per cent total bum or more than 9 
per cent deep bum. 

RESULTS 

The cases studied are listed in tlie tables 

Children — Minor Bums Four children (cases 1 to 4) with minor 
bums were studied All were in excellent nutntional status on entry 
to the hospital and none had any complicabons before or after the bums 
The fasting concentrations of plasma vitamin C and the fasting hourly 
excretion rates of the various vitamins are listed in table 2 In all 
instances these were within the expected ‘normal’ range Saturation 
tests were performed on 1 patient (case 4) when he was essentially 
healed, the “high test” dose being mjected The four hour excretions 
and the plasma vitamin C levels at this time were normal 

Table 1 — Classification of Children with Burns 


Percentage 

ol Body Nntrl 

Surface tlonal 

Burned Fast Status 
, , His- on 

Case Age Sex Total Deep tory Entry Shock • 


Nntrl 

lAical tlonal 

Hypo- Eiuda Status 

Ane- protein tlon 1 Food on Dls- 
mla • emia • (Late) Intake charge Result 


1 

14 
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S 

0 

t 
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0 

0 
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Good 

Living 

2 

8 

M 

3 

1 

1 

Good 

0 
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1 

Good 

Good 
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3 

4 

F 

0 

3 

1 

Good 

0 

0 

0 

1 

Good 

Qood 

Living 

1 

10 

M 

10 

6 

J 

Qood 
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0 

1 

Qood 

Good 

Living 

5 

S 

M 

SO 

26 

1 

Good 

-1- 

+ 

-b 

8 

Fab- 

Poor 

Dead 

6 

6 

F 

65 

00 

1 

Qood 

-1- 

0 

0 

— 

Good 

Good 

Dead 


• -1- signifies present and 0 absent 
t 1 Indicates slight, 2 moderate and 8 severe 
j Noncontributory 


Severe Bums Two children (cases 5 and 6) with severe burns 
were studied The patient in case 5 was a 5 year old boy, previously 
healthy, with extensive deep bums Despite an intake of over 200 Gm 
of protein and 4,000 calones daily, it was impossible to keep him in 
good nutntional status He gradually lost weight, granulations were 
absent and local exudation and fever were pronounced He received 
large daily supplements of the vanous vitamins as listed in table 2 
The fasting plasma vitamin C level and hourly excretion rates of the 
vitamins and the response to injection of “high test” doses were deter- 
mined only in the seventh and the ninth week and were within the 
expected range 

The patient in case 6 was a 6 year old girl, previously healthy, with 
an extensive deep bum who was in severe shock for about one hour 
after her entry to the hospital and again twelve hours later Fasting 
hourly excretion rates of ascorbic acid, thiamine, riboflavin and N-methyl- 
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nicotinamide at tlie twenty-second hour after injury, before any vitamin 
supplements ^^e^e giAen, were normal She died on the third day 
before any further tests uere made 

Adults — Minor Bums Eleven adults (cases 7 to 17) with minor 
bums were studied Little change from normal in the excretion of 
thiamine, nboflavin, N-metliylnicotinamide and ascorbic aad or m the 
plasma concentration of ascorbic acid was noted except in patients with 

Table 3 — Chsstficaiton of Adults with Bums 
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• 0 slpnlfiea noncontrlbntory 

1 + TOcnns present end 0 absent 

t 1 Indicates slight, 2 moderate and 3 seyere 


some complicating factor such as preexisting deficiency, low food intake, 
high fever, alcoholism or serious infection (table 4) The courses of 
patients uath such complications are given in detail 

Case 8 — E A , a 31 jear old white man with a noncontnbutory past history, 
was admitted to the hospital shortly after receuing dermal bums of his face, scalp, 
ticck and right forearm and hand The total area of the body surface burned 
was 9 per cent His face and neck were treated with frequently changed petroleum 
gauze strips that were not bandaged The forearm and hand were treated with a 
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(lr\ ‘tcnlc prc'i'iurc dressing Because of pain and swelling of the mouth and 
face, he took no oral feeding during the first week and onij small amounts in the 
•^ccond week He was gi%cn feeding intra%enously that mcluded 100 Gm of amigen 
dailj during tins time, but he lost 8 pounds (3 6 Kg ) in weight His temperature 
ranred as high as 104 F and as low as 100 F for one week but became normal 
Ihcrcaflcr There was no etidcnce of anv spreading infection at anj time. At the 
lime of the first dressing of the arm, at fourteen dajs, onh small scattered areas 
on the forearm and face were unhealed When discharged at the end of the fourth 
cck his liums were healed and he had regained his lost weight The data on 
the Mhimms arc shown in charts 1 and 2 

During llie first six daj's the patient recenecl no Mtainin supple- 
ments and little oral food The fasting hourly excretion rates of 
ascorbic acid, thiamine, riboflavin and nicotinamide were below' the aver- 
age talucs found in healthy persons on a normal diet The plasma 
Mtainin C concentration, which w'as 0 2 mg per hundred cubic centi- 
meters on the second da}, fell to 7ero on the fourth da} Tlicreafter 
It rose to a let cl of 06 mg on the sixth day Dunng the second and 
tlurd weeks he rcccucd a supplement of 150 mg of ascorbic acid dail} 
in the form of orange juice The hourly excretion rate rose to an 
aternge of 4 2 mg i>cr hour, and the fasting plasma titamin C level rose 
to 0 7 mg ])er hundred cubic centimeters ‘\ saturation test with 1 Gm 
of titamin C was performed on the ninth da} The four hour excretion 
tt.is 263 mg, which is below the amount excreted by normal health} 
persons on a normal diet The plasma C let cl half an hour after the 
mjoction of the test dose was also low We believe that the low e,xcre- 
tums of Mt miiiis and the low response to the ascorbic acid saturation 
test wire due to a combination of star\ation and bums 

During the third and fourth weeks the supplement of ascorbic acid 
w IS iiici cased to 450 mg daiK gi\cn orally, and oral supplements of 
thiamin, rilioflicm and nicotinamide were given in amounts of 9, 6 
md fiO mg icspcctncl} The fasting hoiirlv excretion rate of all the 
Mlainins rose from the previous low levels — the ascorbic acid to about 
1 mg ])cr hour the thiamine to 20 nncrograms per hour, the nbo- 
flavin to 75 microgranis jicr hour and tiic N-mcth}Imcotmannde to 0 5 
tug pi r hour 
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1 ir 1 (ci'c 8) — Pli'iin iscorliic acid conccntntion and fasting liourh c\crc- 
tmii rates of ascorlnc acid, thiamine, riboflaxin and X-mcllnlnicotinamidL in an 
'(((lit witli I minor Inim 
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Table 5 — "Lovf’ Saturation Tests of Vitamin Excretion in Four Hours in a 
Patient Studied (Case 15)* 



Ascorbic 



N Methyl 


Add, 

Thiamine, 

BIboflavIn, 

Nicotinamide, 

Day 

Mg 

Mg 

Mg 

Mg 

47th 

13 1 

24 

04 

13 0 

32d 

228 

17 

04 

63 


* The test doses given (Intravenously) were ascorbic acid, 260 mg , thiamine, 6 mg , 
riboflavin, 3 mg , and nicotinamide, 60 mg 


It was normal, at which level it remained thereafter The patient’s appetite was 
fairly good, but she conbnued to take little citrus fruits The plasma protein con- 
centration vaned between 5 5 and 6 3 Gm per hundred cubic cenbmeters There 
was slight loss of weight Skin grafbng was first done in the seventh week, with 
only about a 20 per cent take She was then given 1 Gm of vitamm C a day, and 
a second and a third skm grafting were done in the tenth and eleventh weeks, with a 
100 per cent take each bme Her weight at this tune was 102 pounds (46 Kg ), her 
weight before entry to the hospital having been 107 pounds (48 5 Kg ) Her further 
course was benign, and she was discharged in the thirteenth week. The data on 
the vitamms are given m charts 3 and 4 and in table 5 

No supplements of thiamine, riboflavin or nicotinamide were given 
throughout the course in the hospital The fasting hourly excretion 
rates of these vitamins were normal as were the four hour excretions 
after the injection of test doses in the seventh and twelfth weeks In 
contrast, during the first seven weeks, when no supplement of ascorbic 
acid was given, although the fasting hourly excretion rates of ascorbic 
aad were low normal the fasting plasma vitamin C concentrations were 
extremely low The four hour excretion after the injection of 250 mg 
was exceedingly low on the forty-seventh day, only 13 mg being 
excreted This is approximately the amount excreted after a similar 
injection in patients with scurvy The plasma levels of ascorbic aad 
after the injection of one test dose were also low, being similar to the 
levels seen in patients with scurvy We believe that the failure 
of the first skin graft on this patient was due in part to a deficiency of 
ascorbic acid of such seventy that formation of connective tissue and 
capillanes was impaired 

From the aghth week the patient was given a supplement of 1 
Gm of ascorbic acid daily The fasting plasma ascorbic acid level 
had risen to 1 3 mg per hundred cubic centimeters four weeks later 
The fastmg hourly excretion rates in the eleventh and twelfth weeks 
were extremely high, being 16 and 23 mg respectively The four hour 
excretion m the twelfth week after injection of 250 mg was 228 mg, 

14 Bartlett, M K , Jones, C M , and Ryan, A. E Vitamm C Studies on 
Surgical Patients, Ann Surg 111 1-26, 1940 
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as compared uilh 13 mg excreted in the seventh •v\eek The plasma 
ascorbic aad ]e\cls at this time were also normal 

C/sc 16 — M H, a 54 jear old white man with a past historj of chrome 
05 lro*n)clitis of the femur, was admitted to the hospital shortI> after rccemng 
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I ir 3 (ca'c IS) — Pla<ma ascorbic acid concentration and fasting hourl> 
crcrction rates in an adult with a minor deep burn, whose normal intake of 
a<'-orbjc acid was c\trcmcl> low 
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During the first two months his appetite was poor, principally because he did 
not like the food, and his food intake was low Dunng tins time he lost 45 pounds 
(20 Kg ) in weight Thereafter, he was placed on a high protein, high caloric 
diet which was to his liking, pnnapally in the form of amigen or “nutramigen” 
given in a drink. On this regimen he slowly gained weight His plasma protein 
concentration dunng the first week was 5 6 Gm per hundred cubic centimeters, 
■with albumin 3 5 Gm and globulm 2 1 Gm. At the end of two months this had 
fallen only slightly, the level never gomg below S Gm for protan and 3 Gm for 
albumm Subsequently the plasma protein remained at this level His hemoglobm 
content was 99 per cent during the first week , it fell gradually to 78 per cent at the 
end of nine weeks and then remained between 80 and 90 per cent thereafter One 
transfusion of 500 cc of blood was given in the ninth week The osteomyelitis of 
the femur became active interrmttently durmg his course, as shown by slight 
purulent discharge which occurred without other evidence of infection in the old 
wound Grafting was done for the first time in the eighth week without success 
Regrafbng two months later was completely successful The data on vitamins 
are given in chart S 

During the first six weeks tlie patient received no vitamin supple- 
ments, but thereafter he received 1 Gm of ascorbic acid, 10 mg of 
riboflavin, 10 mg of thiamine and 70 mg of mcotinamide daily 

The fasting plasma ascorbic acid concentration was between 0 2 
and 0 3 mg per hundred cubic centimeters dunng the first three weeks 
and then fell to zero durmg the sixth week The daily rates of fasting 
hourly excretion dunng this time were also low, varying from 0 3 to 
1 2 mg per hour After the supplement of 1 Gm of ascorbic aad 
daily was given, the fasting plasma ascorbic acid concentration rose 
to from 0 5 to 10 mg per hundred cubic centimeters and the daily 
rate of fasting hourly excretion to from 3 7 to 112 mg per hour 

During the first four weeks, the fasting hourly excretion rate of 
riboflavin was low, but it then rose to normal values in tlie fifth week 
(about 50 micrograms per hour) before supplements of riboflavin 
were given Thereafter, with a daily supplement of 10 mg of nboflavin 
the excretion varied between 50 and 80 micrograms per hour 

Dunng the first five weeks, the fasting hourly excretion rate of 
thiamine was slightly low, but it rose to high normal values m the 
sixth week (about 40 micrograms per hour) before supplements of 
thiamme were given Thereafter, on a daily supplement of 10 mg 
of thiamine the fasting hourly excretions varied between 20 and 40 
micrograms 

Dunng the first three weeks, the fasting hourly excretion rate of 
N-methylmcobnamide was 01 to 02 mg Subsequently, the rate was 
about 0 5 mg per hour and did not change significantly when a supple- 
ment of 70 mg of nicotinamide was given 

As noted previously, grafting in the eighth week was unsuccessful 
We believe that although the vitamin defiaencies were corrected prior 
to tlie first grafting tlie protein defiaency had not been corrected and 
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\ht pr-ift failed for this reason Two months later, at which time the 
(inftrnt was m good iiutntional status, grafting was completeh successful 

C/cf 17 — W \V , a 60 >car old man, was admittcxl to the hospital shorth 
,{tfr rrrrninr flame bums of his back and arms when he fell asleep smoking a 
ns iret in bed vhilc intoxicated During the >car prior to entrj, the patient had 
bnn rn lit r\trcmcU poor diet and had consumed fairh large quantities of alcohol 
He liid had blocKh diarrhea (or the six months preceding entn and during this 
inn' Ind lo'-i 10 peiunds (4 5 Kg 1 m weight There had been no asates, jaundice 
ir ( Imii of tin ankles llis past histore was otherwise noncontnbutorj 
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In the third week the patient was put on a high protein, high caloric diet, given 
by means of intubation He had in addibon received large doses of vitamins intra- 
muscularly from the second week. The diarrhea and the guaiac-posibve stools 
decreased and finally disappeared His temperature throughout the first two months 
ranged betw'een 98 6 and 100 F and thereafter rarely went above 99 F One month 
after his entry to the hospital incision and drainage of a moderate-sized abscess 
o\er the right deltoid were done. His waght three weeks after entry was 119 
pounds (54 Kg) This had fallen to 110 pounds (SO Kg) six weeks later, it 
gradually rose, reaching 120 (SS Kg ) four months after entry, and by the time of 
discharge was 128 (58 Kg ) The first skm graft was done in the ninth week, 
with complete take, and a small graft to cover the remaimng areas was done in 
the twelfth week The data on the vitamins are presented in chart 6 

The fasting hourly excretion rates of thiamine and riboflavin during 
the first week after admission, before any supplements had been given. 



Fig 6 (case 17) — Plasma ascorbic acid levels and fasting hourly excretion 
rates of ascorbic acid, thiamine, nboflavm and N-methylmcotinamide in an adult 
iMth a minor deep burn complicated by alcoholism and chronic cohtis of probable 
nutntional ongin 

were somewhat below the average for normal persons on a nonsupple- 
mented diet The excretion of N-methylmcotinamide was normal, 
and the fasting plasma ascorbic aad concentration was 0 3 mg per 
hundred cubic centimeters 

From the second through the eighteenth week the patient received 
1 Gm of ascorbic add daily The plasma ascorbic acid levd vaned 
between 0 1 and 0 8 mg per hundred cubic centimeters from the second 
to the ninth week Dunng the next five weeks the levels vaned between 
0 0 and 0 3 mg By the seventeenth week the level had nsen to 1 1 mg 
and it rose to 1 6 mg per hundred cubic centimeters in the eighteenth 
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\ ccl 'flic hsting hourlj excretion rate of ascorbic acid \-aned bet^^een 
8 an<l 21 mg , v.ith no definite correlation wth the plasma \ntainin C 
Icicl'" Mlcr the eighteenth neck the supplement of ascorbic and n-as 
rc'luccd to 225 mg daily The plasma ascorbic aad le\el fell to 06 
mg per hundred cubic centimeters, and the excretion fell to from 0 7 
10 2 I mg per liour The fasting hourly excretions of thiamine, nbo- 
fiiMn and fs-mcthylnicotinamide with the patient on the large supple- 
ments were veil aboic the a%cragc excreted bj normal persons on a 
non'^npplcmcntcd diet and comparable to the excretions of normal per- 
sons given high supplements 

We bclic\c that the success of the first skin graft in this case, as 
compared to those in cases 15 and 16, was due to the fact that the 
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had extensive deep dermal or deep bums, and all showed striking abnor- 
malities in vitamin metabolism, as detailed in the followmg reports 

Case 19 — J B , a 42 year old white woman with a noncontributory past his- 
tory, was admitted to the hospital shortly after receiving flame burns, chiefly deep 
dernial, of 20 per cent of her body surface and moderately severe damage to the 
respiratory tract Exammabon on admission revealed a fairly well developed and 
well nourished woman whose systolic blood pressure was 85 She was given 
plasma and whole blood intravenously The blood pressure promptly rose to 110 
systolic and 70 diastolic and remained satisfactory thereafter Her temperature 
rose gradually, reaching a level of 102 F on the sixth day in the hospital, but fell 
to 100 F by the eightli day, at about which level it remained for the next two 
months Her appetite was good, and in addition to her food she received protein 
hydrolysate and dextrose intravenously Her weight, plasma protein concentration 
and hemoglobm concentration were maintained 

Most of the bum was extremely deep dermal bum, and it healed slowly, after 
superfiaal sloughing, m about nine weeks Two weeks later, deep phlebitis of the 


Table 6 — "Low" SaturaUott Tests of Vtlamm Evcretions m Four Hours tii a 

Pahent Studied (Case 19)* 


Day 

Aacorblc 

Add, 

Mg 

Tblamlne, 

Mg 

Riboflavin, 

Mg 

N Methyl 
nicotinamide, 
Mg 

Of 

28 

06 

1 0 

64 

6 

U 

10 

LO 

IIB 

IS 

7 

10 

10 

66 

27 

68 

1^ 

07 

80 

41 

60 

82 

L2 

80 

48 

104 

21 

06 

10 7 

70 

60 

12 

OB 

16B 


* The test doses elven (Introvcnously) were 8seorb5c add, 260 mg , thlamlDe, 6 mg , 
riboflavin, 8 mg , and nicotinamide, 60 mg 
t Day of Injury 


nght leg and one small pulmonary infarct developed She recovered from this 
without further complications m about a week Skin was grafted over the 
remainmg granulating area on the back m the fourteenth week A complete take 
resulted Her further course was benign, and she was discharged two weeks later 
The data on the vitamins are given in charts 7 and 8 

Dunng the first week, the patient received no vitamin supplements 
Fasting hourly excretions of thiamine and riboflavin were slightly below 
the average for normal persons on a nonsupplemented diet Thereafter 
she received a supplement of 6 mg each of thiamine and nboflavm 
daily for the next two weeks and then 12 mg daily of each The 
fasting hourly excretion levels rose and were within the range of 
values found for healthy persons receiving large supplements of these 
vitamms The excretion of N-methylnicotinamide was about 0 3 mg 
per hour dunng the first week, and it rose thereafter to lev^els of 0 5 
to 1 0 mg on supplements of 50 to 100 mg of nicotinamide daily 
Results of low saturation tests of thiamine, riboflavin and N-methyl- 
nicotmamide performed on the first, sixth, thirteenth, twenty-seventh, 
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lort; -first, foii> -eighth and sc\cnty-si\lh da) verc essentially normal 
fvrqji for a shghtl) lo\\ e>crelion of thiamine on the first test Table 
6 gnes (he results of these tests 

During the first week, no sujiplcment of ascorbic acid was gl^en 
llic plasma lc\cl, which was 0 4 mg per hundred cubic centimeters 
on (he first rh), fell to zero h) the scienth da) Fasting hourly c-\cre- 
tions dunng this week were also low, aicraging about 0 6 mg Satiir- 
ition tests, with 250 mg of ascorbic acid as the test dose, performed on 
!))f d 1 ) of entr) and again on the sixth da) after entiy' reicnlcd plasma 
IcKk md ocretion aalucs which were considcrabh lower than normal 
ukI m fact, similar to those seen in patients with ‘^cunw During the 
•(cond and third weeks, the patient rcceucd a supplement of 150 mg of 
I'-corhic acid dail) Ihc plasma Mtamin C concentration remained 
(ycccdingly low* The rate of fasting hourly excretion rose during the 
‘c-cond wc(k to 2 2 mg and then fell again to 0 8 mg during the third 
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Case 20 — J R., a 27 year old white man, was admitted to the hospital shortly 
after receiwng extensive flame bums mvolvmg 40 per cent of the body surface, the 
bum being chiefly deep For the year or two pnor to his entry he had been dnnking 
large amounts of alcohol but apparently had also been eahng fairly well Examina- 
tion revealed a well developed, apparently fairly well nourished man who was 
somewhat disoriented and delirious On entry the blood pressure was 90 Systolic 
and 70 diastolic and the pulse was of good quality The blood pressure and the 
pulse thereafter were normal, and there was no period of shock. Dunng the first 
twenty -four hours he received 3,750 cc. of plasma and 5 liters of other fluids 
intravenously, chiefly isotonic solution of sodium chlonde The urine output dunng 
the first twelve hours was 1,000 cc 

Shortly after entry the patient went mto delinum tremens, the temperature 
having nsen to 105 6 F rectally on the second day The respirations at this time 
were 45, and the pulse rate was 145 He was given large amounts of vitamins 
(details of vitamin therapy are given later), paraldehyde and intravenously admin- 
stered amigen, dextrose and isotonic solution of sodium chlonde. He was also 
given a high protem, high caloric intake by mouth and by intubabon. The dehnum 
tremens w'as finally controlled after five days The temperature continued to be 
elevated, reachmg 104 5 F rectally The respirations fluctuated between 30 and 50 
and were occasionally labored. He was coughing and raising thick yellow sputum 
The chest could not be examined satisfactonly by either physical or roentgenologic 
examination because of the bums and dressmgs He was given full doses of 
sulfadiazine (6 Gm a day) and 20,000 umts of pemallm mtramuscularly every two 
hours Two weeks after entry he was placed in an oxygen tent for possible cooling 
effects and in an attempt to reheve some of the respiratory distress 

His condition gradually became worse, and three weeks after his entry to the 
hospital the temperature rose suddenly to 108 F and he became comatose The 
respirations were shallow and rapid, his pupils were unequal in size and there 
appeared to be slight faaal weakness on the right side. The neurologic consultant 
suggested the possibility of a brain abscess He was sponged vigorously with cold 
alcohol, and the temperature dropped to 104 F However, he gradually became 
weaker and died on the followmg day 

During the first five dajs, there had been moderate negabve nitrogen balance, 
thereafter, his intake of nitrogen was gradually increased and reached a level of 
about 40 Gm a day by the ninth day At this bme tus caloric mtake was 3,500 
There was then slight apparent positive mtrogen balance This high intake of 
mtrogen conbnued until the twenty-first day, when his intake diminished to less 
than one half of this amount, and there was slight negabve balance again. 

The plasma protein concentration was 3 5 Gm. per hundred cubic cenbmeters on 
the first day, wnth an albumm level of 2 Gm This rose gradually to a level of 5 0 
Gm on the tenth day, but the albutmn remained at 2 1 Gm The plasma protein 
concentrabon on the twenfaeth day was 5 4 Gm. His hemoglobin content, which 
had been 119 per cent on entry, fell to 64 by the tenth day and thereafter ranged 
betu’een 62 and 79 per cent He was given mulbple transfusions of 500 cc. of whole 
blood. 

Studies of vitamin excrebon were not done. He received an average of 50 mg 
of thiamme, uuth extremes of 20 to 60 mg, 20 mg of nboflavin, with extremes of 
10 to 40 mg , and 500 mg of mcobnamide, with extremes of 100 to 800 mg , daily 
after the first day, chiefly by the intramuscular route. The lower doses m each 
instance were given from the sixth to the eleventh day Fasbng plasma ascorbic 
•’cid concentrations were measured, and the data are given in chart 9 
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Dunng the first fnc da\s the patient •k\as gnen an a\cragc of I Gm 
(,f a'corhic aad intramuscularK dail} During this time tlie plasma 
I'eorhic aad concentration ranged from 0 3 to 07 mg per hundred 
cuh c centimeters From the sixth to the Ueclfth da) he Mas gnen 
m aicragc of 509 mg of ascorbic aad inlramuscularl) and 225 mg 
f r !!} During this lime the plasma ascorbic aad concentration fell, 
bring 7 cro on the clciaith dai Therefore he Mas given 2 Gm intra- 
ininailarK dail) as well as 225 mg b\ mouth It Mas only after 
tv o (h\ s of this high mlabc that a measurable amount of ascorbic acid 
!]■] •fared in the plasma This indicates that the patient’s store had 
bernnic marl cdh depleted during the preceding Meek despite the fact 
tint he had been given a supplement of 750 mg of ascorbic acid daily 

C"r 21 — J V, a tS ^car old ifliitc man uith a ncncontnbutorj past historj, 
\ •’r idiniUf-d lo Uic Iiocpit it <.1iortt} after rccciMng flame bums, chicflj deep, 
twohmr "tfl per cent of liis bod) surface. The acadent occurred ulicn he fell 
b-'p Mivliup t ci) arcl while intoytcalcd nKammation on cntri revealed him 
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concentration fell from a level of 5 8 to 4 7 Gm and the albumin from 4 1 to 3 3 
Gm His hemoglobin content was 85 per cent 

The first dressing was done on the mommg of the eighth day Dry adherent 
slough was present over most of the burned areas There was no surrounding 
redness, swelling or tenderness A dry pressure dressing was reapplied. Six 
hours later he was much sicker His temperature had risen to 104 F rectally, the 
pulse rate was 140 and the respirations 25 He was irrational The dose of 
penicillin was increased to 20,000 umts every two hours The following morning 
the temperature had risen still further to a level of 108 F and the pulse rate to 
160 The respirations remained at 28 but were somewhat shallow He had a 



Fig 10 (case 21) — Plasma ascorbic acid concentration and fasting hourly excre- 
tion rates of ascorbic aad, thiamine, riboflavin and N-methylmcotinamide in an 
adult with an extensive fatal deep bum 

moderate nonproductive cough. Continuous sponges with iced alcohol were started 
and sulfadiazine was given He was placed in an oxjgen tent The temperature 
came do\m to 104 F and the pulse rate to 130 within a few hours, but the follow- 
ing day the temperature rose again, this time to a level of 109 F, and the patient 
died shortly thereafter 

The data on the ^^tamlns are shown on chart 10 

During the first five days the patient was given a dail}^ supplement 
of 1,000 mg of ascorbic acid, 50 mg of thiamine, 20 mg of riboflavin 
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irl 7'0 inp of nicolinamidc The failing hourh c\crclion rates on 
tlio first da\ v. ere normal for thiamine, nbofla\in and nicotinamide but 
ItIi'In lo \ for a'^corbic aad Detcrminalions after the fiftli da) sho\\ed 
If, eh v.hicli V ere all abo\e the a\cragc for health) persons on a 
iionml dul bill ‘cemed low for the large dosage which the patient 
T' K-ctnmg 

J he Icicl of pla'-ini ascorbic acid two hours after the bum and 
b'ffin nn additional ascorbic acid v as given was 0 16 mg per hundred 
cub 0 cditiiiKtcrs Ten hours later, seven hours after 1 Gm had been 
iivdi intravenous]) this level was unchanged Twelve hours later, 
fiftv minutes after another gram had been given intravcnouslv , the level 
' IS 2 OS mg P.v the fifth da) the fasting plasma ascorbic acid level had 
non lo 1 70 mg ])fr hundred cubic centimeters, the patient having 
KKived 1 Gm of ascorbic acid dailv Therefore, with a supplement of 
ing dailv the ascorbic acid level fell to 0 2 mg on the sixth da) and 
0 mg on the stvcntli and ciglith da)s These values arc considcrabh 
1o\,(r linn those observed in nonnal persons receiving 500 mg ot 
I ■< '>1 bic acid dailv 
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on admission Her bum was minor She remained on a diet low in 
vitamin C for six w eeks, and during this time the fasting hourly excre- 
tion rate of ascorbic aad and the fasting plasma ascorbic acid concen- 
trations ivere low The excretion of the other vitamins was normal 
A skin graft at this time failed Thereafter she received a supplement 
of 1 Gm of ascorbic acid daily, and the plasma vitamin C level and the 
urinary excretion rose to normal A skin graft at this time was com- 
pletely successful 

Another patient who entered tlie hospital with probable preexisting 
vitamin defiaency was the patient in case 17, a 60 year old man who 
for a period of six months prior to entry' ingested a poor diet and large 
quantities of alcohol and suffered from intermittent bloody diarrhea 
On entry to tlie hospital he was moderately underweight, but there 
were no definite stigmas of specific vitamin defiaency His bum was 
of moderate seventy During the first week, tlie urinary excretions 
of thiamine, riboflavin and n-methjdnicotinamide were low (excretion of 
ascorbic acid not measured) and the fasting plasma ascorbic acid 
levels were also loiv Thereafter he ivas given large daily supplements 
of all vitamins, and the unnary' excretions of the four vitamins and the 
plasma ascorbic aad concentration rose to normal levels The third 
patient ivho entered the hospital with probable preexisting nutritional 
deficiencies, although none were apparent on entry, was the patient in 
case 20 He Avas a 27 year old man who had had alcoholism for the 
year previous to injury Despite a daily supplement of 750 mg of 
ascorbic acid daily, chiefly by the intramuscular route, his plasma 
ascorbic acid concentration fell to zero in the second week and remained 
at this level even after 4 Gm of ascorbic acid had been given in two 
days This w'ould indicate that some factor in addition to possible 
preexisting defiaency was present in this patient, since the experiments 
of Crandon, Lund and Dill showed a much more rapid risq in the 
plasma ascorbic acid after actual scurvy had been treated with compa- 
rable amounts of vitamin C In the otlier cases studied preexisting 
defiaency did not play an important role 

2 Inadequate Dosage — ^In a few patients the intake of the vanous 
intamins was probably low and may have accounted in part for the 
finding of low excretion values However, in the patients with the 
most pronounced abnormalities the actual intake of vitamins was 
extremely high — far above the so-called optimum amount for healthy 
persons 

3 Failure of Absoiphon — ^Failure of absorption can be ruled out 
by the fact that in the most severely burned patients, who showed the 

16 Crandon, J H , Lund, C C , and Dill, D B Experimental Human 
Scur^^, New England J Med 223 353-369, 1940 
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during their destruction This study contnbutes no evidence for or 
against such a postulate 

9 Increased Utilization — ^It has been shown in recent years that 
many of the vitamins play more fundamental roles than merely the pre- 
vention or curing of the well known deficiency syndromes such as 
scurvy, beri-beri and pellagra Thiamine, riboflavin and mcotinic aad 
are concerned with the enzyme systems that control carbohydrate metab- 
olism, and in addition riboflavin is important in ammo acid metabolism 
Ascorbic acid has been shown to have a fundamental role in the forma- 
tion of the adrenocortical hormone’® and in general tissue metabolism 
These functions indicate that the four vitamins play important roles 
in connection with recovery from hemorrhagic shock,^® injury and 
acute infections,®’ since disturbances in the metabolism of carbohydrate,®® 
protein and adrenocortical hormones are found in these conditions 
Thus, Govier ®® has found that the mortality of normal dogs exposed 
to a standardized type of hemorrhagic shock was reduced when 
thiamine was given in large doses before or after bleeding In addition, 
dogs deficient in thiamine were particularly susceptible to death from 
hemorrhagic shock Holt -* has demonstrated apparent increased utili- 
zation of thiamine in conditions of stress such as increased basal metabo- 
lism and fever On the other hand, Bergman and others ®® were unable 
to show any beneficial effect of thiamine or ascorbic aad used alone 
as sole therapeutic measures in the treatment of shock due to scalding 
bums in mice In the later period of bums, when epithelization and 
formation of granulation tissue are takmg place, it is probable that 
there is an increased demand for ascorbic aad and riboflavin and pos- 
sibly for other vitamins 

19 Sayers, G , Sayers, M A , Liang, T, and Long, C N H The Effect of 
Pituitary Adrenotropic Hormone on the Cholesterol and Ascorbic Acid Content of 
the Adrenal of the Rat and the Guinea Pig, Endocrinology 38 1-9, 1946 

20 Russell, J A , Long, C N H, and Engel, F L , Biochemical Studies on 
Shock Role of Peripheral Tissues in Metabolism of Protein and Carbohydrate 
Dunng Hemorrhagic Shock in Rat, J Exper Med 79 1-7, 1944 

21 Davidson, C S , Lewis, J H , Tagnon, H J , Adams, M A, and.T^iylor, 
F H L Medical Shock Abnormal Biochemical Changes m Patients with 
Severe Acute Medical Illnesses, With and Without Peripheral Vascular Failure, 
New England J Med 234 279-288, 1946 

22 Aub, J C , and Wu, H Studies in Experimental Traumatic Shock 
HI Chemical Changes in Blood, Am J Physiol 54 416 (Dec ) 1920 

23 Govier, W M Rationale for Use of Vitamins in the Therapy of Shock 
and Anoxia, J A M A 126 749-750 (Nov 18) 1944 

24 Holt, L E, Jr The Thiamin Requirement of Man, Federation Proc. 
3 171-178, 1944 

25 Bergman, H C , Rosenfeld, D D , Hechter, 0 , and Pnnzmetal, M 
Ineffectiveness of Adrenocortical Hormones, Thiamin, Ascorbic Acid, Nuper- 
caine, and Post Traumatic Serum m Shock Due to Scaldmg Bums, Am Heart J 
29 506-512 (Apnl) 1945 




ALUMINUM HYDROXIDE AND MAGNESIUM TRISILICATE 
PLUS MUCIN IN TREATMENT OF PEPTIC ULCER 

Gastroscopic and Clinical Studies 
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C linical study has sho^vn that antaads are the most important 
single factor m controlling gastric pain and discomfort due to hyper- 
acidity and peptic ulcer A review of medical literature and advertise- 
ments by pharmaceutic companies reveals that physicians have been led 
to believe that antacids, espeaally aluminum gels and magnesium tnsili- 
cate, have an astnngent and protective coabng action on the gastnc 
mucosa There has been no definite proof brought forward to substanti- 
ate or refute the suggestion that aluminum gels have an astnngent or 
coating effect on the mucosa of the stomach 

Ivy and his associates ^ have called attention to the fact that the 
aluminum combmes with the gastnc mucus to form a flaky precipitate, 
which adheres to the mucosa of the stomach and duodenum A film 
of this nature would serve as a ph3'sical protection to the mucosa and 
exert an antaad action as well In animals that had received the 
aluminum preparations for some time, they observed at autopsy that 
the folds of the mucosa m the stomach and duodenum were cohered 
with flaky curds, presumably precipitated mucus At times the duodenum 
vas so coated that about two thirds of the mucosa appeared as if it had 
been covered with flour paste 

Fogelson - in 1931 w'as the first to advocate gastnc mucin in the treat- 
ment of peptic ulcer This treatment met with disfavor chiefly because of 
its nauseating taste and because the commercial products at that time 
contained histamine in such quantities as to increase decidely the gastnc 
aadity 

Fogelson ® also show^ed that mucin had a retarding effect on pepsin 
activit)'’ 

From the Department of Medicme, Loyola Unwersity School of Mediane 
1 L-y, A C , Terry, L , Fauley% G B, and Bradley, W B Am J Digest 
Dis 3 879, 1937 

2 Fogelson, S J Treatment of Peptic Ulcer with Gastnc Mucm, JAMA 
96 673 (Feb 28) 1931 

3 Fogelson, S J Illmois M J 62 516, 1932 
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Jones/ as well as niau)' other authors, claimed that the beneficial 
effects of the aluminum hydroxide gels arc largely the result of their 
astringent action Page and Thomas ® obsciw-cd that magnesium trisih- 
cate acquires gelatinous consistency m the presence of acid and if it 
lodges in the ulcer crater will progressu cly neutralire the acid which 
diffuses through it 

We ha\c gastroscopically obser\cd the physical appearance in the 
stomach of four of the well Icnown proprietary aluminum gels, of 
magnesium trisilicate and of calcium carbonate Thirty-five patients 
were used in this stud} — in 15 the stomach had been previously diagnosccl 
as normal, 3 had been given a diagnosis of h}pertrophic gastritis, 5 
atrophic gastritis. 9 duodenal ulcers and 3 gastric ulcers 1 he patients 
were withovit food for twelve hours prior to gastroscopv The gastric 
contents were aspirated in all hut 10 of the patients before instillation 
of the antacid, in order to remove anv stomach contents that might still 
be present after the twelve hour fast The antacids were given in half 
ounce doses five fifteen, thirty and fortv-five minutes resiicctivclv , prior 
to gastroscop) 

There was no essential difference in the appearance of the antacids 
m those patients in whom the gastric contents were aspirated and m 
those m whom aspiration was not done From five minutes to half an 
hour after instillation the antacid appeared as a large white irregular 
mass or broken up into smaller clumps and scattered irregularly through- 
out the stomach The speed with which the antacid left the stomach 
was variable '\t the end of twent) to fortv-five minutes we frequently 
noted, espcciall} when liquid preparations were used, that there was a 
total absence of antacid m the stomach This observation was confirmed 
by roentgenologic studies in which we added sufficient barium sulfate 
to the liquid antacid preparations to visuah7e the antacid Roentgeno- 
grams were taken at twenty minute intervals, and it was noted m some 
instances that the barium sulfate antacid preparation was absent at the 
end of forty minutes (fig 1) The antacids, as seen gastroscopically, 
were scattered throughout the stomach in clumps of v'arious sires and 
could not be differentiated one from tbe other We did not get the 
impression that any of the antacids emplo} ed in this study had a distinct 
coating effect In a few instances in which there was an increase of 
mucus m the stomach, there seemed to be a slight tendency for the 
aluminum gels to diffuse through the mucus which adliered to the walls 
of the stomach 

In 3 of the patients m whom aspiration had not been done and in 
5 m whom aspiration had been done pnor to gastroscopy and to instil- 
lation of the antacid, there was considerable mucus present in the 

4 Jones, C "R , Jr Pennsylvania M J 43 468, 1940 

5 Page, R C , and Thomas, E G Mil Surgeon 85 307, 1939 



ARCHIl ES OF SI RGERY 


stomach The alummum gels seemed to diffuse through the mucus and 
appeared to be suspended in a finel}* dinded state, clmgmg or adherent 
to the mucosa m thick stnngs ■nhich extended from the anterior and 
postenor walls of the stomach Increased amounts of mucus appeared 
lo dela\ the exodus of aluminum gels from the stomach With small 
oiuounts ot mucus there was no essential difference m the ph3sical 
properties ot the calaum carbonate, magnesium tnsilicate or alummum 
In oroxide 

Our observations gastroscopicalh' substantiated those of Irn* and his 
as^oaates and led us to the conclusion that a coating effect is obtamed 
unK w hen sufhaent gastnc mucus is present to allow the aluminum gels 
r magnesium tnsilicate to diffuse through it and remain dmging to 
t e A-alls ot the stomach m a filmlike coating We inferred from this 



1 Rje*'tgen eram oi the stomach twenn imnutes after mgesUon ot 
- a e r „s a' jainum hvdroxide wnth magnesium tnsilicate gd The 
at J'e e"d torn nnnutea 

I e'e 'hi ,d be a cvanbrnation ot aluminum gels and/or magnesium 
"Is xitc wiiii gastnc muan m order to insure a sufficient amount of 
d 'ib'tarce m the stomach when the antaad is mstiUed In the 
prc'ence ot a 'Uthcient amount oi gastnc mucm, alummum gels and 
n agncjiam in^ihcate tend to diffuse tlirough the gastnc mucm and in 
I ^ nrrner produce a protective coatmg action 

t ihen deaded to studv m a similar manner, gastroscopicall}* and 
r"'i:cnologicall\ tlie phvsical appearance of a mixture contaimng 
laciKsium triiilicate and aluminum hvdroxide to which was added 
in'. * 10 lO _0 per cent of gastnc mucm® Three patients wath gastnc 

6 Tne p.epa"atonc used were palatable and free from secrctagogue action. 
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ulcer, 5 with atrophic gastritis and 11 with normal stomachs were used 
for this purpose Gastroscopic observations were made before the mstil- 
lation of tins nuxture and again twenty minutes to an hour and a half 
after the mixture was instilled A vegetable dye was added to the 
mixture in several instances as a further means of identification and 
assurance that the physical appearance of the mixture was not due to 
the presence of normal gastric mucus 

The mucin antacid mixture was administered in the form of a palat- 
able powder or tablet, thoroughly chewed and swallowed without the 
use of water Gastroscopic observations were made at intervals of 
half an hour to an hour and a half after mstiUation of the mucin antacid 
Invariably we were able to demonstrate a decided tendency touard 



Fig 2 — Roentgenogram of the stomach twenty rmnutes after ingestion of 
barium sulfate plus muan antacid mixture. The mixture is still present at the 
end of one hour and forty minutes 

coating and filming of the mucosa Our most striking results were 
obtained in the patients suffering from gastnc ulcer The ulcer crater 
in each instance was covered by a pool of the antacid nuxture, and the 
mucosa surrounding the ulcer had a thick filmy coating The mucin 
antacid was observed gastroscopically to be present in the stomach as 
long as an hour and forty minutes after instillation This we confirmed 
roentgenologically by adding barium sulfate to the mixture and taking 
roentgenograms at twenty minute intervals (Rg 2) 

This mucin antacid nuxture has been tested for its effect on gastnc 
acidity and has been compared with tivo currently used aluminum gel 
preparations and a powder containing calaum carbonate and sodium 



NEWER ASPECTS OF BENIGN TUMORS OF THE BREAST 

MURRAY M COPELAND, MD 
WASHINGTON, D C 

B enign tumefactions of breast tissue and its integument may be 
divided into A Mammary dysplasia, resulting from abnormab- 
ties in the secretion of the ovarian hormones This is exemplified by 

(1) Mastodjmia — painful mammary tissue of increased density 

(2) Adenosis — nodosities from epithelial hyperplasia with small 
C3sts 

(3) Cystic disease — one or more cysts of appreciable size resulting 
from secretory changes 

B Benign neoplasia, characterized by true benign tumor forma- 
tions Examples of this are 

( 1 ) Benign fibroadenoma with a structure of fibrous tissue and ducts 

(2) Benign intracystic papillomas, which include (1) papillary invag- 
inations of larger ducts, (2) intracystic papillomas and (3) papillary 
hyperplasia nhich occurs in adenosis of the breast 

(3) Benign nonmdigenous tumors of the breast, mvolvmg (a) fat 
(lipoma and xanthoma), (&) lymphatic vessels (angioma, lymphangioma 
and lymphoma), (c) muscles (leiomyoma and myoblastoma), (d) 
skeletal mesenchyme (chondroma and osteoma) and (e) skin appendage 
I dermoid cysts and sweat gland tumors) 

This classification is taken from that of Geschickter and is considered 
to be extremely practical 

This paper is concerned with benign tumefactions of the breast 
proper, nameU, mammkry dysplasia and mammary neoplasia (benign) 

A MAMMARY DYSPLASIA 

klammarv dy splasia is neither inflammatory nor neoplastic but repre- 
sents an expression of ovarian dysfunction in menstruating women This 
point of view has not gone unchallenged Taylor and Fnedman and 

Read at the Fort> -Fifth A.nnual Meeting of the Western Surgical Associa- 
tion, Memphis, Tenn , Dec. 5, 1946, by invitation. 

Dr Copeland was formerly chief of the Surgical Service at Kennedy Veterans 
Administration Hospital, Memphis, Tenn , and now holds the position of professor 
of oncology at the Georgetown University Medical School 

1 Taylor, H C, Jr The Evidence for an Endocrine Factor in the Etiology 
of Jvlammarj Tumors, Am J Cancer 27 525, 1936, The Endocrine Aspects of 
Chronic Iifastitis, Surg , Gvnec K Obst 74 326, 1942 
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others ® in independent studies concluded tliat dysplasia was related 
to ovanan dysfunction in some cases, but they felt that this condition 
must be referred to a variety of factors, among which the nervous dis- 
turbances depending mainly on pelvic disorders were prominent 
Ewmg,® from a review of the literature and from his own observations, 
concluded that mammary dysplasia (chronic cystic mastitis) has notably 
a hereditary character, the mam etiologic factor residing m the intnnsic 
character of the breast itself influenced more or less by hormonal, 
nervous and local conditions 

Bucher and Geschickter,^ however, have followed patients intensively 
by doing endocrine assays on total collections of the daily urine through 
one or more menstrual cycles Both estrogen and pregnandiol (an 
index of corpus luteum function) were assayed The results of these 
studies together with the results of expenmental studies by Geschickter 
and others on the production of mammary dysplasia, mammary neo- 
plasia, and cancer resulting from prolonged overstimulation with estrogen 
strongly support ovarian dysfunction as a pnnapal cause. 

Estrogen in varying dosages combmed with other hormones which 
produce lobule formation appears to produce expenmentaUy changes 
in animals simulating the vanous changes seen m chronic cystic mastitis 

Many observers ® support a definite endocrine factor as being 
linked with mammary dysplasia, benign mammary neoplasia and the 
production of caranoma of the breast 

Mastodyiita — Mastodynia is common m women between the ages 
of 20 and 40 years Mamed women who become affected predommate 
over immarned women in the ratio of 3 to 1 It is charactenzed by 
pain, which is gradual m onset over a period of months The pam is 

2 Friedman, M , Finkler, R , and Antopol, W The Relation of Ovanan 
Hormones to Bemgn Breast Hyperplasia and Neoplasia, Radiology 33 725, 1939 

3 Ewing, J Hormonal Relations of Chrome Mastitis, m Neoplastic Diseases, 
Philadelphia, W B Saunders Company, 1940, p 538 

4 Bucher, N , and Geschickter, C F Corpus Luteum Studies I Recovery 
of Pregnandiol from Unne, Endocnnology 27 727, 1940, II Pregnandiol and 
Estrogen Output m the Urine of Patients with Chrome Cystic Mastitis, J Clin 
Endocnnol 1 58, 1941 

5 (a) Geschickter, C F Chronic Cystic MastiUs or Mammary Dysplasia, 
m Diseases of the Breast, Philadelphia, J B Lippincott Company, 1945, pp 183- 
260 (6) Astwood, E. B , and Geschickter, C F Changes in the Mammary of 
the Rat Produced by Various Glandular Preparations, Arch. Surg 36 672 (Apnl) 
1938 (c) Bonser, G M The Effects of Estrone on the Mammary Gland of Male 
Mice, in Second IntemaUonal Congress Against Cancer, 1937, p 53 (d) Gardner, 
W U Influende of Oestrogenic Hormones on Abnormal Growth, m Ward, H B 
Some Fundamental Aspects of the Cancer Problem, American Association for 
the Advancement of Saence, New York, The Saence Press, 1937, p 67 
(c) Nathanson, I T The RelaUon of Hormones to Diseases of the Breast, 
Surgery 16 108, 1944 (f) Bucher and Geschickter * 
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worse m the premenstruum and is referred to a portion of the breast 
(usually the outer and upper third) w'hich is more tender, firmer, 
thicker and more granular than tlie surrounding breast It may be 
unilateral or bilateral 

The patients may fall into two endocrine groups 

(1) Women in the childbearing age ivho have a tendency toward 
sterility and who have not been recently pregnant The breasts are 
well developed, the menstrual history is normal and the disturbance 
in the breasts comes late 'after maturit}' and is usually transient 



Tig 1 — Photomicrograph of typical mastodynia tissue. (All illustrations except 
figures 2 and 3 b) courtesy of Dr C F Geschickter and the J B Lippincott 
O^panj , from Diseases of the Breast, Philadelphia, J B Lippincott Company 

(2) Young childless women with small atrophic breasts The menses 
are irregular, and they are frequently sterile Pelvic inflammator}' 
disease is not infrequently encountered The breasts suggest a pnmarv 
mammaiy^ deficiency dating from shortly after adolescence 

The fear of cancer in the mind of the pabent or of the physician 
has afforded many pathologic specimens to be observed Grossly, the 
bssue IS nonencapsulated, dense and fibrous Small cysts may be 
present Histologically (fig 1) there is imperfect lobule formabon 
and an increase in periductal and mtralobular stroma Irregular epi- 
thelial growth IS noted in the termmal tubules, which may be dilated 
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The defective lobule formation, as demonstrated m recent studies,®® 
IS due to reduced function of the corpus luteum, which m some patients 
may be a relative lowermg of the function or excessive stimulation by 
the estrogemc hormone. Normal lobule formation is dependent on 
the proper ratio of estrogen and luteal hormones 

Treatment The treatment of mastodyma is varied Once the diag- 
nosis of cancer or true infection has been ruled out, simple supportive 
measures are worth wlule, including reassurance and a breast support 
(brassiere) Estrogen in doses of 10,000 international units intra- 
muscularly once a week between two periods and then 2,000 units once 
a month in the premenstruum for a hmited time has proved effective 
in controlling the condition Testosterone propionate in doses of 
25 mg. per week for a short while has proved satisfactor)' m a few 
cases Progesterone therapy has proved to be the treatment of choice 
Patients have shown improvement when progesterone has been admin- 
istered in 5 mg doses hypodermically twice a week for the last two 
weeks of one or tivo consecutive cycles, with an effective total dose 
ranging between 20 to 40 mg 

Endocrine therapy has 3 aelded remarkable results m many cases, 
two or more years having elapsed after its use without recurrence of 
symptoms It is strongly recommended 

Other forms of treatment have varied from simple reassurance to 
the performance of mastectomy 

.;4(ienosis — Adenosis (Schimmelbusch’s disease) is most frequently 
observed in women between the ages of 35 and 44 years It is char- 
actenzed by the occurrence in one or both breasts of multiple nodules 
which measure from 1 mm to 1 cm in diameter and are usually dis- 
tnbuted about the upper and outer hemisphere In one third of the 
patients pain is a conspicuous feature The breasts, as in mastodyma, 
are thickened, granular and tender, with the additional occurrence of 
multiple nodules An edge can be palpated at the penphery of the 
diseased portion This "caking” or induration may at times suggest 
cancer 

Adenosis is often superimposed on a persisting mastodyma and 
IS much more chronic and more intractable to treatment 

The differential diagnosis from benign intracystic papilloma or 
from mammary cancer may require a biopsy 

The pathologic process may be limited or diffuse throughout the 
breast or breasts (figs 2 and 3) Increased fibrous tissue through the 
parenchyma nddled with small cysts, minute adenomas, papillomas and 
dilated ducts is characteristic There is much increase in the periductal 
and penlobular stroma The intraductal hyperplasia and the epithelial 
proliferation of acini resemble those in vanous forms of cancer 
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Tkere is a definite relation between adenosis, mastodynia and cystic 
disease of the breast Tissue exased from a patient with adenosis 
may show cysts, and that excised from a patient Avitli cystic disease may 
show small areas of adenosis 

The patients fall into two endocrine groups (a) Patients m early 
sexular matunt}^ with small breasts due to stunting from high estrogenic 



Fig 2 — Speamen cross section and photomicrograph in a typical case of 
adenosis The mammary tissue is fibrous, firm, contains small cysts in the periphery 


stimulation in adolescence They may be in a relatively far advanced 
stage of the disease m their early twenties and may have an increased 
susceptibility to cancer (b) Patients of 30 jears of age or more, who 
have charactenstic changes in the breast of one year’s duration or more 
with pain and menstrual complaints and who are usually psychically 
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upset These symptoms are common m both groups, but in this group 
the} seem to be due to a prolonged moderate hyperestnmsm brought 
about by low function of the corpus luteum over a period of years The 
secretion of estrogen is usually found to be within normal limits 

While the changes seen in mammary dysplasia are not essential to 
the development of manimar}^ cancer, they do represent changes due 
to hyperestrmism which, as observed m a definite percentage of animals, 
ultimately lead to the development of cancer in the breasts Clinically, 
Gesdnckter found that among patients with adenosis of the breast 
who w'ere carefully followed the incidence of cancer was 2 per cent 
while among tliose with cystic disease the incidence was 0 79 per cent 
The incidence of cancer of the breast is definitely higher among women 
with chronic mastitis than among women as a whole, for whom the 
incidence is 0 42 per cent ® 

Treatment Therapy in adenosis must be based on an accurate 
appraisal of the condition Investigation of all doubtful cases is neces- 
sary Nodules which are distinct and larger than usual or growing 
noticeably larger must be excised and sectioned, whether the nodule is 
cystic or solid 

Amputation of the breast to prevent possible development of cancer 
is not justified On the other hand, biopsies which are difficult of 
pathologic interpretation or whicli show' early cancer leave no recourse 
to the phjsician except that of doing radical mastectomy 

Estrogenic therapy is not satisfactory in adenosis Patients with 
this condition already have a relative hyperestnmsm of long standing, 
which in animal expenments leads to the development of cancer It 
is, therefore, not considered coincidental that there is an increased 
incidence of cancer among patients with adenosis of the breast 

Progesterone therapy has given symptomatic relief in most of the 
patients treated, but the small discrete nodules, which are usually cysts, 
mav persist Aspiration of these cysts may be indicated to obliterate 
them Progesterone is administered m 5 mg doses hypodermically 
twice a w'eek, from 20 to 60 mg being given as a total dose between 
two or three menstrual cycles 

Recurrence may be encountered after two or more years 

Cystic Disease — ^Women at or near the menopause form the largest 
group of patients with cystic disease of the breast The greatest inci- 
dence IS found m women between the ages of 41 and 45 years The 

6 Warren, S The Relation of Chronic Cystic Mastitis to Carcinoma of 
the Breast, Surg , Gi, nec &. Obst 71 257, 1940 Lewis, D , and Geschickter, C F 
The Relation of Qironic Cystic Mastitis to Carcinoma of the Breast, ibid 66 
330, 1938 
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disease predominates m dnldless women in the ratio of 3 to 2 For 
women with children at least from four years to a decade has elapsed 
between the time of the last pregnancy and the onset of the disease 

Few patients with cystic disease have menstrual disorders or diffi- 
culties with childbearing The menstrual disorders encountered are 
assoaated with the menopause Therefore, the fact that a large number 
of childless women and a large number of women approaching the 
menopause are affected is a striking etiologic factor from a clinical 
standpoint 

When assays of the unne for estrogen and pregnandiol were carried 
out and hnked with expenments on controlled rats receiving large 
injections of estrogen and small injections of progesterone, Geschickter 
and others " found evidence to support the probability that an intense 
or unopposed estrogenic stimulus results m the formation of cysts The 
penod of stimulation may be brief, and the withdrawal of tlie stimulus, 
followed by secretory activity, may play a role m the development of 
the large cysts 

The symptoms of cystic disease usually appear abruptly or are 
of a relabvely short duration, the period being in terms of days or weeks 
The chief complaint is the discovery of a lump A minority of patients 
notice mild pain, soreness and a burning or sticking sensation prior to 
the appearance of the cystic lump 

The breasts affected are usually fairly large or adipose The cysts 
are usually found away from the periphery of the breast The tumor 
IS round, smooth, tense and freely movable Fluctuation can be made 
out in some cases Cj'Sts may change in size and tend to disappear 
in about 7 per cent of the cases The upper hemisphere is more fre- 
quently affected 

In a large number of cases only one cyst of appreciable size is found, 
but single cysts may be found in both breasts in 11 per cent of the 
patients 

Multiple cysts are found m one or both breasts in 25 per cent of 
cases at tlie first examination They occur in a slightly younger age 
group, and the symptoms are similar to those associated with adenosis. 
This tendency to multiplicity and bilateral mvolvement certainly sug- 
gests an underlying endocnne disturbance, whcih is further substantiated 
by endocnne studies of the urine excreted by the patients 

Tlie tumor and the breast can be transillummated well The majority 
of the cysts project into the fat over the breast and are easily aspirated, 
jnelding a cloudy or a serous fluid A thick, fibrous, walled cyst deep 
in the breast makes diagnosis difficult, and if aspiration is unsuccessful, 
exploration should be resorted to 


7 Geschickter Astwood and Geschickter “t* Bonser'e Gardner 
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Treatment The treatment o£ choice is excision of the cysts (84 per 
cent of the patients are free from further complaints) In 15 per cent 
of the patients other cysts develop m the breast Recurrent tumors of the 
breast m patients past the menopause must be held to be suggestive 
of cancer until accurately diagnosed 

At operation the mammary cyst appears as a tense, bluish, walled 
c)st embedded in dense, fibrous stoma Multiple small cysts and 
dilated ducts may be seen in the surrounding tissue. Lobule structure 
IS poor j\Iicroscopically the lining epithelium of the cyst is often 
replaced bv fibrous tissue or the persistent cuboidal epithelium contains 



Fig 4 — Cjstic disease. Cvsts centrally located as noted m macroscopic cross 
section 


eosin-staming c}d:oplasm The surrounding ducts and lobules show 
involutional changes The lobules are small and undergo dilation or 
regression The adjoining tubules are dilated and may contain secre- 
tion There is a decided increase in fibrous stroma (figs 4 and 5) 
Cancer cysts and intracystic papillomas are not the result of this 
process They more often affect the large ducts near the nipple after 
the menopause Cancer, however, is found in 0 74 per cent of patients 
with cjstic disease Simple cysts herein described affect the smaller 
ducts and terminal tubules and occur pnor to or during the menopause 
Progesterone has apjiarently been of some value irt prevention of 
the recurrence of c\sts in patients with a tendency toward recurrence 
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after surgical intervention Endocrine therapy should be instituted only 
when accurate information exists 


B BENIGN NEOPLASIA 

Ftbroade7ioma — Fibroadenoma is the most common benign tumor 
of the breast m young women in the childbeanng age Its firm and 



Fig 5— Cjstic disease Gross and microscopic cross sections of the cvst wall 


encapstilated character « together with its mobility makes the diagnosis 
r elatively ea sy The average age at which it occurs is around 22 years 

iL Encpsdawd Ad»o„„, 
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masses are made up of m}rKomatous connective tissue in polypoid fibrous 
structures covered by cuboidal epithelium as seen under the microscope 
There is a definite incidence of sarcoma in this group The differentia- 
tion bet\veen giant myxoma and fibrosarcoma is not easy and requires 
careful microscopic study and experience m some cases If sarcomatous 



change is found, amputation of the breast including the pectoral fascia 
without axillar}^ dissection, is indicated The lesions do not as a rule 

metastasize to regional lymph nodes Wide local excision is indicated 
lor the benign lesions 
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Bemgn Intracyshc Paptllowa — Benign intracystic papilloma includes 
(1) papillar} invagmations of the larger ducts, (2) intracystic papil- 
lomas and (3) papillary hyperplasia which occurs in adenosis of the 
breast The condition with the exception of papillary changes seen 



Figr 7 — Intracanalicular myxoma Photomicrographs showing periductal pro- 
liferation of fibrous stroma and polypoid, myxomatous fibrous structures covered 
\nth cuboidal epithelium 
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m patients with adenosis of the breast, occurs usually in women near, 
at or beyond the menopause It occurs with equal frequency in nulh- 
parous and in parous women 

The tumors vary from 1 to several centuneters in size They occur 
in the central zone of the breast and are frequently associated with a 
sanguineous discharge from the nipple Evidence of a lump may 
have existed for from six months to five years The mass is soft, 
compressible and usually freely movable, is shown on transillummation 
to, be an opaque area and causes bloody discharge from the nipple when 
compressed The tumor has at times been referred to as a low grade 
papillary or duct cancer 



Fig 8 — Benign intracystic papilloma Clinical appearance of breast and cross 
section of a specimen 


The tumors are best treated by excision They should be excised 
along with a zone of surrounding breast tissue The wall of the cyst 
at the base of the papilloma must be examined under the microscope If 
infiltration of tlie process occurs into or beyond the cyst wall or if 
malignant changes are noted in the papilloma, radical mastectomy should 
he performed 

The benign tumors on excision are found to be encapsulated (figs 
8 and 9) The papillary lesion may completely fill the cyst cavit)^ 
The cavity may be multilocular and filled with small papillomas The 
papilloma is composed of branching tuftlike stalks festooned with 



604 


ARCHIVES OF SURGERY 


epithelial covering The central stalk carries the blood supply and is 
tile only attacliment of the papilloma to the cyst wall The epithelium 
over the fibrous core is in orderly arrangement and usually two layers 
thick The outer layer is composed of tall columnar cells 


Tumors over 5 cm in diameter frequently show malignant changes 



Fir 9 — Benign intracjstic papilloma Photomicrograph showing stalk of 
papilloma 


In adenosis of the breast, papillary hyperplasia is common in women 
between the ages of 30 and the early forties Both breasts are usually 
affected, and the lesions are toward the periphery 

The breasts are usually small and unequal m size Multiple pea- 
sized nodules are felt in one or both breasts Bloody discharge from 
the nipple may occur in 4 per cent of the cases 
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The tumors are usually noted to fluctuate frequently m size at first 
Pam accompanies the formation of tumor in about half the cases 

Because of the fact that papillary hyperplasia is widely distributed 
in the breast or breasts in adenosis, the site of the exploratory inasion 
IS chosen with great difficulty This is especially true in the presence 
of blood from the nipple The duct or area can usually be located by 
transillumination or palpation to observe the place from which the 
blood can be expressed The questionable areas must be explored and 
the affected zone excised The tissue must be examined histologically, 
as cancer may be a definite possibility Microscopically the lobule buds 
of the terrmnal tubules show cystadenomatous change, namely, epithelial 
proliferation in dilated terminal tubules Some of the cystic tubules 
seem completely filled 

Adair stated that bleeding of the nipple occurs about as often in 
benign conditions of the breast (57 cases) as in malignant conditions 
(51 cases) 

Geschickter,’^® m studying tlie over-all picture of the bleeding nipple, 
found tliat it occurred in only 4 per cent of all instances of cancer of 
the female breast This symptom preceded the appearance of a breast 
tumor in only 22 of 100 instances of benign lesions studied He con- 
cluded, however, that any bleeding from the nipple must be carefully 
studied and the cause eradicated because potentially benign papillomas 
maj become mahgnant 

An intriguing endocrine origin for intracystic papillomas has been 
suggested by Geschickter,^^ based on these three factors (1) the 
presence of epithelial buds which are remnants of normal mammary 
development, (2) their distribution along the large ducts or at the 
terminal tubules, and (3) prolonged regenerative activity m the buds 
Usually the last factor occurs at the menopause or after prolonged 
estrogen stimulation This estrogenic stimulation must be constant and 
prolonged but not necessarily of high intensity In experiments on 
female rats, begun at birth, the mammary gland was constantly stim- 
ulated ivith estrone pellets after seventy days of injections of 25 gamma of 
estrone in oil twnce daily The author found that fibroadenomas occurred 
m one hundred and thirty to one hundred and ninety days but that 
papillomas appeared only after three hundred and fifty to five hundred 
and fifteen days 

12 Adair, F E Sanguineous Discharge from the Nipple and Its Significance 
in Relation to Cancer of the Breast, Ann Surg 91 197, 1930 

13 Geschickter, C F Bleeding from the Nipple and Benign Intracystic 
Papilloma, in Diseases of the Breast. Philadelphia, W B Saunders Companv 
1945, p 325 
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Endocrine therapy for this group of tumors does not seem war- 
ranted and indeed may be hazardous in view of the endocnne factors 
involved in the formation of the lesions, which may be followed even 
by the production of cancer 

SUMMARY 

Mammary dysplasia and benign neoplasia have been presented with 
reference to the clinical aspects of the diseases involved 

The endocnne aspects of the vanous entities have been empliasized 
Treatment has been discussed including endocnne therapy 
It js hoped that this presentation will stimulate further consideration 
of thfe cause and treatment of this group of diseases of the breast 


SURVEY OF INTESTINAL OBSTRUCTION 

CONRAD J BAUMGARTNER, M D 
BEVERLY HILLS, CALIF 

T he introduction of the use of indwellmg gastric and 
intestinal siphonage by Wangensteen ^ and the use of intravenously 
administered fluids and plasma and blood replacement as well as of 
other therapeutic and diagnostic aids, particularly the antibiotics and 
roentgen examinations, have allayed some of the dread of acute intestinal 
obstrucbon 

Many physicians are now reasonably sure of themselves as regards 
the differential diagnosis between strangulating and simple obstructions 
and the techmcal management of affected patients The mortality, how- 
ever, remains much too high 

An attempt has been made to survey the management m the last five 
years of acute intestinal obstruction occurnng at the Los Angeles Gen- 
eral Hospital It was not the purpose of the study to go into detailed 
cUmcal and laboratory findings but rather to search for possible pitfalls 
of omission or commission as well as for surgical blunders and, m reflec- 
tion, to see if one might not do differently if again faced with a similar 
situation and thereby possibly save lives 

The survey shows a mortality rate comparable with that found in 
similar institutions handhng a large number of acute surgical emergencies 
in spite of the fact that in Southern California there is the additional 
problem of the presence of aged people who have been inhented from 
other states and who, aside from intestmal obstruction, are in poor 
physical condition In 1940 McKittnck and Sams,^ of the Massa- 
chusetts General Hospital, reported a mortahty of 18 per cent among 
124 patients operated on In July 1946 Calihan and his associates,® of 
the Johns Hopkins Hospital, presented a ten year survey of 204 cases 
of surgical obstruction including cases of simple obstruction, volvulus, 
internal hernia and intussusception, a mortality of 20 per cent was 

Read at the Fifty-Fourth Annual Meeting of the Western Surgical Association, 
Memphis, Tenn, Dec 6 , 1946 

1 Wangensteen, O H Intestinal Obstrucbon, Spnngfield, 111, Charles C 
Thomas, Publisher, 1945, pp 6-7 

2 McKittnck, L S , and Sams, S P Acute Mechanical Obstrucbon of the 
Small Bowel Its Diagnosis and Treatment, New England J Med 222 611-622 
(April 11) 1940 

3 Caliban, R J , Kennedy, J D,, and Blam, A , III Intestinal Obstrucbon 
Study of Two Hundred and Four Acute Cases with Reference to Possible Effiaenm 
of Antibacterial Therapy, Bull Johns Hopkins Hosp 79 21-33 (July) 1945 
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reported In an identical group of 309 surgically treated patients 
the mortality iras 21 per cent In 1945 Griffin, Bartron, and Meyer, ^ 
of the Cook County Hospital, reported a mortality of 40 per cent m 
Aolvulus of the sigmoid associated with operative and nonoperative 
procedures A similar mortality was reported by Dennis,® of the Uni- 
versity of Minnesota Hospital In our owm series of volvulus of the 
sigmoid the mortality is 37 5 per cent 

During five years, 1941 to 1945 inclusive, 11,590 major operations 
w ere done in general surgical cases at the Los Angeles General Hospital 
This is exclusive of operations in the other surgical specialties such as 
orthopedic, neurosurgical or gynecologic operations During this time, 
surgical treatment was carried out in 1,107 proved cases of acute intestinal 
obstruction Cases of ileus, peritonitis and possible or partial obstruction 
are not included in this group 

CLASSIFICATION 

The classification of the different types of acute intestinal obstruction 
encountered is shown in table 1 


T^le 1 — Incidence of Acute Intestinal Obstruction at the Los Angeles 
General Hospital, 1941 to 1945 


Obstruction by band* and adhesions 


359 

Early postoperative 

31 


Late postoperative 

274 


Without previous suretcal treatment 

54 


Strangulated external hernia 


292 

V olvulus 


72 

Large bowel 

27 


Smil bowel 

45 


Carcinoma of colon 


105 

Sigmoid and descending colon 

90 


Splenic flexure 

9 


Transverse 

6 


Hepatic flexure 

9 


Cecum and ascending colon 

11 


Carcinoma of rectum 


27 

Diverticulitis 


24 

Intussusception 


39 

Strangulated internal hernia 


11 

Mesentenc thrombosis 


38 

Congenital anomalies 


32 

Imperforate anus 

13 


Congenital atresia 

7 


iMegacolon ; 

4 


Meckel s diverticulum 

8 


Gallstone or foreign bod> 


7 

Endometriosis 


2 

Regional ileitis 


4 

Extrinsic tumor 


5 

Primary tumor of the small boiiel 


3 

lletastascs terminal 


51 

Obstruction from superior mesentenc artery 


2 

Tuberculosis of the cecum and pentoneum 


5 

Radiation obstruction 


1 

Stricture of the rectum 


5 

Trauma 


3 

Total 


1 107 


4 Gnffin, W D , Bartron, G R , and Meyer, K A Volvulus of the Sigmoid 
Colon Report of T\\ent 3 -Fne Cases, Surg , G)mec & Obst 81 287-294 (Sept ) 1945 

5 Dennis, C Treatment of Large Bowel Obstruction Transverse Colos- 
tomj , Inadcnce of Incompetencj of Ileocaecal Val\e, Experience at Universitv 
of Minnesota Hospitals, Surgery 15 713-734 (May) 1944 
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Because of limitation of time and space, the paper will be limited 
to that part of the surve}^ covering bands and adhesions, volvulus and 
strangulated external hernia 

BANDS AND ADHESIONS 

Cases of obstruction by bands and adhesions were grouped according 
to whether the obstruction was early postoperative or late postoperative, 
the former occurnng during the first month after abdominal operation 
Early Postoperative Obstruction — ^There were 31 patients for whom 
the diagnosis of early postoperative obstruction was made There were, 
no doubt, more similarly affected, but because of the policy of the 
hospital of intubating immediately m all suspected cases as well as in 
all cases of acute abdominal conditions requiring surgical treatment, the 


Table 2 — Surgical Procedures tn Late Postoperative Obstruction bv Bands and 
Adhesions at the Los Angeles General Hospital, 1941 to 1945 


Number in whom surgical procedures were earned out for late 


iwstoperative obstruction by bands and adhesions 328 

Total number treated surgically 189 

Adhesions released (mortalitj 5 4%) 146 

Resections (mortality, 28 7%) 24 

Enterostomy S 

Perforation closed 4 

Enteroenterostomy 4 

Cecostomy 3 

Invagination of the necrotic area 1 

Closure of the fecal fistula 1 

Plication to prevent recurrence (mortality 36 8%) 1 

Average surgical mortality 111% 


number has been held rather low Ten patients were reoperated on, 3 
of whom died 

Possibly in at least 1 case it was inadvisable to reoperate, as 
in the search for adhesions an abscess was encountered, with resultant 
soiling and fatal peritonitis Inflammatory reaction in the vicinity had 
accounted for the obstruction That few such cases are found in this 
categorji is ample proof that our surgical staff is mindful of the fact 
that obstruction due to inflammatory processes will as a general rule 
respond to suction siphonage 

Laic Postopei ative Obsft ucfiou — Cases of late postoperative obstruc- 
tion by bands and adhesions constitute a large proportion of the total 
cases of intestinal obstructions In this sur\iey it was found in 328 
patients , 274 of the^e had previous surgical treatment, and for 54 either 
It WTis specifically stated that there had been no previous operation or 
nothing could be found in the historj' or physical examination uhich 
indicated a pre\ lous operation 
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Obstruction by adhesive bands is indeed no respector of age The 
youngest patient was 4 days old and the oldest 86 years Thirty 
patients were above 70 )'ears of age, and 72 were above 60 There were 
139 treated by suction only, and 189 were operated on Table 2 shows 
the operative procedures and the mortahty 

Simple Versus Strangulating Obstinctton — As I studied the his- 
tones, I was soon convinced of two facts 1 The duration of the 
obstruction had nothing whatsoever to do with the degree of obstruction 
present A twelve hour obstruction was often gangrenous while a 
three day obstruction might be perfectly harmless 2 The differential 
diagnosis betw een an early strangulating lesion and a simple obstruction, 
made on the presence or absence of tenderness as described by Wangen- 
steen, was not so easily established 

McKittrich and Sarns stated in their report that tliey were unable 
to make this early differential diagnosis Calihan and others, m their 
survey of July 1946, stated 

In the papers bv some of the proponents of conservative therapy who claim 
to be able to differentiate strangulation there can be found incidents where 
strangulation had been temponzed with disastrous results The burden of 
responsibility therefore rests on the surgeon who attempts to make this early 
differentiation and finds after an interval of conservative therapy that his patient 
has a strangulated obstruction 

Among the patients covered by this survey 8 deaths m the 
group with obstruction by bands and adhesions could possibly be 
attributed to delay and failure m recognizing the strangulating lesion 
The 8 patients who died were treated wth siphonage for from two to 
seien dajs before surgical intervention Four additional patients who 
In ed might possibly have been spared a resection had surgical interven- 
tion not been delayed because of the calming influence of the Miller- 
Abbott tube 

Strangulation occurred in 32 per cent of McKittnck’s 136 cases, 
and in Dixon’s group of 166 patients at the Mayo Clinic 26 per cent 
were strangulated “ This is a high percentage, and one might well 
ponder before glibly slipping in a nasal tube with the idea that that 
ivill take care of things for the next twenty-four hours 

Pitfalls m Management — In looking for pitfalls in management, it 
was not felt that preoperative suction and fluid replacement, which were 
earned out in all patients without exception, could be cnbcized Blood 
or plasma, or both, was given m about 60 per cent before or during the 
surgical procedure I consider this to be an average percentage, but it 

6 Schlicke, C P , Bargen, J A , and Dixon, C F Management of Intestinal 
Obstruction Evaluation of Conservative Therapy, JAMA. 115 1411-1416 
(Oct 26) 1940 
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should be given in all, since Coller ‘ has slio^vn that the loss of blood and 
plasma is usually greater than it appears to be on the surface For 2 
patients who went into shock on the operating table no record was found 
of blood or plasma having been given 

In looking for technical errors I found the following The 
youngest patient, 4 days old, was examined, and a diagnosis was 
made of intestinal obstruction due to the presence of meconium The 
abdomen was apparently thoroughly explored, but at autopsy a single 
violin band of adhesions was found completely obstructing the upper 
part of the ileum 

There was 1 case in which a cecostomy was performed for obstruc- 
tion of the small bowel This is a surgical blunder, and one might 
wonder what went through the surgeon’s mind It happened in this 
manner There was great distention, and a flat plate roentgenogram 
of the abdomen revealed what the surgeon interpreted as a dilated 
large bowel The cecostomy was done in the belief that there was 
an obstruction at the sigmoid 

This bnngs up the matter of the interpretation of the flat plate 
roentgenogram It is not always easy to differentiate between the 
small and the large bowel under considerable tension Many of these 
emergencies happen at night It would be a great help if a roent- 
genologist were on call to interpret properly and to report on a 
roentgenogram after a barium enema when indicated So far, however, 
I do not know of a single hospital in which the department of roent- 
genology IS anxious to share this idea with the surgeon 

In 1 patient a loop of intestine was caught between the lateral wall 
and a colostomy opening performed at tlie sigmoid elsewhere This 
could have been avoided if the surgeon had closed the gutter when 
performing the colostomy 

There were three possibly avoidable technical errors in which 
perforation and soiling occurred during the exploration of distended 
loops of intestine to find the obstruction Aspiration to deflate by one 
of the metliods described by Wangensteen might have prevented this 
To perform an aseptic anastomosis after such soiling as was done in 
the cases concerned is obviously incongruous 

This bnngs up the problem of aseptic anastomosis In eight resec- 
tions the surgeon defimtely dictated an aseptic type and m ten an open 
type of anastomosis Of the 10 patients m whom open resection was 
performed, only 1 died, while of the 8 in whom aseptic anastomosis 
uas done, 3 died In these 3 the perforations just mentioned occurred, 

7 Coller, F A , and Haddock, W G Water and Electrolyte Balance 
Surg, G\ncc &. Obst 70 340-354 (Feb no 2^) 1940 
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so no conclusions can be drawn from this It is hoped that the dis- 
cussions will bnng out some sharp opimons on this matter Wangensteen 
IS of the opinion that aseptic anastomosis is of paramount importance, 
but we believe that this opinion is not universally shared 

The toxicity of the contents of the obstructed intestine is still debated 
The value of penialhn has, however, been demonstrated by Blain and 
Kennedy, of the Johns Hopkins Hospital ® They were able to prolong 
the lives of dogs with strangulating obstruction and demonstrated that 
resection could be done in such dogs at a penod which was twice the 
survival time of control dogs not treated with pemallin It is hoped that 
the immediate administration of massive doses to all patients, entering the 
hospital with intestinal obstruction will matenally lower the mortahty 
rate, though penialhn should not be used as another adjuvant with which 
to temponze in the treatment of this disorder 

Patients who are repeatedly returning to the hospital with acute 
intestinal obstruction present a real problem I know of 2 patients 
who have been admitted on occasions too numerous to mention One 
of them, a nurse, had been admitted thirty times Most patients are best 
treated by suction, but there again there is a pitfall One patient was 
admitted five times and relieved by suction On the sixth admission he 
was again treated with siphonage, but this time he had a strangulating 
lesion, which was not recognized early Enterostomy was performed 
but he died 

In this survey I found that 81 patients had had previous surgical 
treatment for obstruction and 41 had had previous suction About 
one half of these had both It is with such patients that one should 
be doubly cautious It is so easy to look up tlie past history and note 
that they were previously relieved by suction and then to resume 
siphonage only to find that because of temponzation a strangulating 
lesion has developed 

The folly of meticulously separating massive adhesions is well 
known The method of phcating intestine as described by Noble has 
been resorted to on a few occasions I have formed no conclusions 
on tins procedure and trust that some one will enlighten me It appears 
that, if not too extensive, resection of the matted coils would still be 
preferable , the resection should be done at a quiescent stage between the 
flare-ups of acute mtestinal obstruction 

8. Blain, A , III, and Kennedy, J D Effect of Pemcillm on Experimental 
Intestinal Obstruction Studies on Strangulated Low Ileal Obstruction, Bull. 
Johns Hopkins Hosp 79 1-20 (July) 1946 
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The expenmental use of intrapentoneally administer ed heparin has 
recently been tried by Lehman® in the hope of preventing adhesions 
The contramdication for its use is a bleeding raw surface Unfortunately, 
it is m the presence of this that one would consider it a godsend to have 
something which could prevent adhesions The use of hepann therefore 
seems of doubtful value 

SUMMARY 


A survey has been made of the occurrence in the last five years of 
acute intestinal obstruction at the Los Angeles General Hospital 
The mortality of this condition there as elsewhere remains too high 
Delay in recognizing a strangulating lesion and techmcal errors 
constitute the major factors m keeping the mortality rate high Techni- 
cal errors are too frequent. Delay is due in no small part to the calming 
influence of indwelling siphonage both on the patient and on the surgeon, 
who before the advent of suction had a more wholesome respect for 
acute intestinal obstruction than he has now 

It IS worth repeating that the differentiation between a simple lesion 
and an early strangulating one is not necessarily easy Operation may 
be avoided m a fair number of patients, but it is of greatest importance 
that It be withheld even temporanly only in cases in which there is no 
question whatsoever of strangulation of the bowel 

As the threshold of shock in a patient with acute intestmal obstruction 
is low, we believe that no patient should be allowed to have surgical 
treatment without having first received blood or plasma or both 

The recent experimental work at the Johns Hopkins Hospital in 
the early use of massive doses of peniallin is promising 

It IS urged that the surgical sections and the departments of roent- 
genology of hospitals have a yearly intensive review of all types of 
intestinal obstruction In this manner, certain pitfalls of diagnosis and 
management would be brought to light, and better operative results, 
would be obtained 


DISCUSSION 

Dr Wiujs D Catch, Indianapolis I am sorry that I have to discuss this 
important paper without having studied it before its presentaUon I think, how- 
ever, that I can discuss some points made in it with profit 

Obstruction of the bowel is the most important subject in any consideraUon of 
abdominal surgery Dr Baumgartner’s statistics on the causes of sudi obstruc- 
tion, if I interpret them correctly, show that about one half of the cases were due 
to a preceding laparotomy These studies show that there must be something 
scriouslj wrong with abdominal surgery Peritoneal adhesions are necessary and 
^uot be pre vented Without them abdominal surgery would be impossible I, 


9 Lehman, E P , and Bojs, F Oimcal Use of Hepann m the Peritoneum 
945 (DecT 1941 °" Fourteen Cases, Arch Surg 43 933 _ 
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therefore, never had much sympathy with research work designed to prevent 
them, but I believe that any experienced surgeon would say that by the exercise 
of care, which must include general handling of tissues, the prevenfaon of drying 
of the peritoneal surfaces, the spanng use of gauze packs and the intelligent use of 
omentum, the formation of dangerous adhesions can be prevented m most cases 

Se\eral important discoveries on obstruction deserve discussion First 
of these is that distention of the intestmes is due pracfacally entirely to swallowed 
air and that distention can be entirely prevented by the use of the Levine tube 
and continuous gastric suction Dr Singleton keeps up gastric sucbon for some 
time after every laparotomy I use it whenever signs of gastric distention begin 
to appear The second is that no case of obstruction of the bowel is an emergency 
I heard a discussion of such obstruction years ago in this soaety, in which member 
after member would get up and emphasize the emergency nature of every case of 
such obstrucbon. They subscribed to the dictum, “Never let the sun go down on 
a case of obstruction of the bowel ” The death rate in those days was 60 to 70 per 
cent I think we should now adopt the motto, "Let no case of obstrucbon of the 
bowel be considered so urgent as to jusbfy the omission of proper diagnosbc studv 
and proper preparation before operation” 

Our roubne is to take a roentgenogram of the abdomen after admmistrabon of 
banum enema as soon as the patient enters the hospital This will settle at once 
whether or not the obstrucbon is in the large bowel In case of obstrucbon of the 
small bowel, it will also give a good idea as to the site and seriousness of the 
obstrucbon 

I differ mildly from Dr Baumgartner in regard to the diagnosis and proper 
handling of obstrucbon complicated by gangrene of the bowel I agree with 
him that it is almost impossible to make this diagnosis in many cases I have 
many times discovered at operatron a loop of gangrenous bowel walled off and 
apparently doing the pahent httle harm. Undef these conditions, I have found that 
simple excision of the gangrenous loop with gun barrel enterostomy will save 
nearl> all these patients We have had, in fact, about 10 consecubve cases without 
death The bowel has tremendous powers of protecting itself against gangrene 
We have shown that the bowel can endure six hours of total anemia without the 
patient dying It is my belief that even when gangrene is suspected it is better 
to decompress the bow'el and get the patient in good condibon than it is to operate 
on him at once It is extremely dangerous to operate on a dehydrated and starving 
pahent with greatly distended loops of small intestine. In short, I am no longer 
as ternfied bj the appearance of a gangrenuos loop of bowel as I used to be 

The death rate from the treatment of femoral hernia complicated by gangp'enous 
bowel has not improved in the last seventy years We have recently treated 3 
pabents with this condition by a new method The treatment consists, first, of 
simple drainage of the femoral sac, second, of decompression of the bowel down 
to its point of imprisonment m the femoral ring with the Miller-Abbott tube and 
third, of laparotomy through a low rectus incision, resechon of the mcarcerated 
bowel and lateral anastomosis between the ends of the intestine Two of the 
pabents were obese women between 65 and 70 years of age The third was a 
woman of 80 years of age. 

The Miller-Abbott tube has done a great deal to lower the death rate in bowel 
obstrucbon, but it is often misused If you msert a Miller-Abbott tube, attach it 
to the sucbon apparatus and go awav and leave it, you are doomed to disappoint- 
ment Once the tube is m the intestine, a nurse should be kept irrigating it con- 
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stantly and aspirating gas and fluid through it with a piston syringe Under this 
management it is amazing how rapidly the tube will pass down the intestine 

Dr. Wuxaed Bartlett Jr, St Louis I had the privilege of reviewmg this 
paper yesterday with Dr Baumgartner and with Dr Bern, the head of the Depart- 
ment of Surgery m the University of Southern California, on which service the 
patients reported on were largely treated 

I was struck very much, as they were, with one group of pabents, on which 
Dr Baumgartner did not have time to detail today, and I am going to call it to 
your attention because it is the group which challenges their mterest most, as it 
does my own. I am sure few of you go along without seemg such patients in 
practice. A group of 27 obese pabents with incarcerated umbdical hermas were 
operated on, with a mortality rate of 56 per cent We have been mistaken with 
pabents like this in the past, and I want to recount some bitter experiences of our 
own in the management of such patients and the principles we formulated for 
handling them, which have worked out to our sabsfacbon since. 

Let me speak first of the obese pabent with a large ventral herma in which no 
incarcerabon occurs Such a pabent suffers from an increased intra-abdommal 
pressure. If one attempts to close that very large ring without first having reduced 
the weight of the patient to approximately the average weight to which his bony 
structure enbtles him, one further increases the intra-abdominal pressure if there 
IS success m getting the rmg together I think it is a fair statement that in 25 
to SO per cent of instances one cannot get the hernial rmg closed at all at operation 
on a pabent unprepared by the means I have descnbed 

In patients, however, m whom one congratulates oneself on having got the nng 
closed under great tension, a charactensbc tram of symptoms develops immediately 
because of decrease in vital capaaty They become flushed, their pulse rate nses 
rapidly after they leave the table, their blood pressure goes up and breathing 
becomes stertorous Pulmonary edema and atelectasis develop, and within the first 
twenty-four hours these pabents will take one of two courses They yvill get a deep 
breath in the course of their struggles for breath or during a coughing or vomibng 
episode and will get immediate relief Their breathing will become comfortable, 
their pulse rate will slow down, their temperature will fall and their blood pressure 
will return to preoperabve levels That is a sign that the entire posterior suture 
line (at least) has pulled out If they do not get that relief, however, they will 
die. The mortality is about 25 per cent, which is too great 

The person who not only is obese and has a large hernial defect but who also has 
intestinal obstruction has simply doubled the problem of mcreased abdominal tension 
due to intestinal distenbon, and the likelihood of fatal outcome is the more strongly 
present for such a person It is not surprising, therefore, that the operabve 
mortality is also doubled for such pabents in the essayist’s paper 

It has been our plan since the late twenbes simply to cut the ring in such 
patients to allow two things in the first place, one can see whether they have a 
gangrenous loop at the point of mcarcerabon at the ring, and, in the second place, 
It permits ready movement back yvithin the abdomen of some of the incarcerated 
loops, with the relief of incarcerabon 

The second important point of management at the operating table when one’s 
hand is absolutely forced by the presence of mcarcerated bowel which cannot be 
decompressed by suebon is to do an enterostomy at a site remote from the incar- 
ceration— not a Witzel enterostomy but a "stab” enterostomy wnth a Pezzar 
catheter that does not imohe wide opening of the pentoneum 
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Thirdly, if the patient has a gangrenous loop (and only the mmonty of them 
will at the pomt of mcarceration), that loop should be exteriorized 

Dr. Thomas G Orr, Kansas City, Kan When some one discusses mortality 
rates in intestinal obstruction, I immediately want to know what he is talking 
about One of the slides showed that 131 patients were treated without operation, 
with a mortality of 4 5 per cent Were these really cases of intestinal obstruction? 
I believe that we should confine our definition of intestinal obstruction to those 
cases in which the bowel is actually mechanically occluded either with or without 
strangulation 

When the bowel is functionally obstructed, it of course can be treated without 
operation successfully in many cases I believe that such cases should fall in 
another group and that we should keep the patholbgic distinction clear when dis- 
cussing mortahty rates 

It IS true that intestinal obstruction may be a difficult diagnosis to make. It may 
be difficult to distinguish from peritonitis and from paralytic ileus It is certainly 
often difficult to differentiate behveen obstructions due to simple occlusion and those 
due to strangulation. Strangulated hernias were menboned as a frequent cause of 
intestinal obstruction Young physicians and surgeons should be taught to look for 
such a cause first when mtesbnal obstruction is suspected. I can now recall 2 
patients who were treated by internists for several days before bang sent to a 
hospital Both of these pabents died after late operations In my expenence 
internists more frequently miss the diagnosis of strangulated hernia than do 
surgeons 

Dr. Arthur B McGraw, Grosse Pointc, Mich I should like to ask Dr 
Baumgartner to tell us the distnbution of the different types of anesthesia m these 
operations which he has been reporting I believe that it is fair to say that in 
operating for intestinal obstruction the factors which make the outcome of the opera- 
tion unpredictable are the length of time the intestines are exposed and the 
amount of manipulation which is necessary in order to detenmne and deal with the 
site of obstruction The kind of anesthesia used and the relaxation obtained thereby 
influence these factors of time and manipulative trauma and also influence the 
matter of whether there is inadvertent or necessary extenonzation of large amounts 
of the small bowel during operation 

Durmg the past year, we have had at our hospital the services of a young and 
expert anesthesiologist, and he has gone far toward making us enthusiastic over 
the merits of gas anesthesia supplemented by curare in difficult abdominal surgery 
In many cases of acute intestinal obstruction there are good reasons for not giving 
spinal anesthesia in spite of the relaxation obtained thereby 

I simply want to bear testimony to the help we have had with gas anesthesia 
and curare in handlmg some of our cases of mtestinal obstruction 

Dr. Conrad J Baumgartner I think we might have misled Dr Bartlett a 
httle bit in the slide which showed a 58 per cent mortality m umbilical hernia 
That percentage was not an operative mortality but was the average mortality 
among all patients who entered the hospital with a diagnosis of strangulated umbilical 
hernia. It was included purely to show the lethal effect of umbilical hernia. I do 
not know offhand how many were moribund on admission Some hernias were 
treated conservatively, mcluding one or two umbilical hernias There were a few 
cases m which strangulated femoral hernia had been actually missed 

As to Dr Git’s question about those patients who were not operated on — there 
IS a chance that we are likely to have made errors, but I will say that I went over 
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personally (along vath the residents) the histones of more than 2,000 cases m 
which the diagnosis was mtestinal obstruction. We eliminated those patients who 
we thought had ileus or peritonitis or adynamic ileus and accepted those who we felt 
had definite simple obstructions Not all patients who get well from simple obstruc- 
tion have just ileus, because we also happen to know that some of these patients 
were treated five or six times %vith suction and on the sixth time they had a 
strangulatmg lesion So they did not have adynamic ileus the first time, but they 
had a simple obstruction then and later on a strangulating lesion 

You cannot make the flat statement that everybody who gets well without 
surgical treatment had an adynamic ileus and not a simple obstruction Of course, 
we may have been in error in some. There is no way of telhng, and likely some of 
those whom we accepted had not simple obstructions But after reviewing each 
history and all the findings that went along with it, we accepted them We dis- 
carded almost 1,000 cases diagnosed as examples of simple obstruction because we 
didn't think the diagnosis was correct 

Dr McGraw asked about the type of anesthesia. Although our studies to date 
are not complete, it is my impression that spmal anesthesia was used m at least 90 
per cent of the cases 



PLEUROPULMONARY MANIFESTATIONS OF AMEBIASIS 
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D uring the past year, we have seen on the thoracic surgery service 
at Hines 10 cases of amebiasis These came to our service only 
because their pnncipal complaints or findings were referable to the 
chest It IS the purpose of this paper to call attention to the con- 
siderable amount of amebiasis now being seen and to point out that this 
amebiasis may appear in bizarre forms simulating common lesions of the 
chest A survey of the literature of recent years has disclosed only a 
few scattered articles by authors m such endemic areas as India, 
Afnca, Australia, and Brazil reporting single cases of pleuropuhnonary 
amebiasis In 1938 Keeton and Hood ^ at the University of Illinois 
reported 5 cases collected by them over a three year penod In 1936 
Ochsner and DeBakey * reported a series of cases m New Orleans 
Of the 10 patients seen by us, 4 were admitted directly to our 
service, 2 were transferred from the medical service, and 4 were seen 
in consultation on the medical service The preliminary or admitting 
diagnoses based on a brief history and examination were as follows 
in 4 cases, pneumonia, in 2, empyema, and in 1 eacli, pulmonary 
abscess, appendicitis, peptic ulcer and cholecysfatis Six representative 
cases will be bnefly descnbed at this time with reproductions of their 
roentgenograms before us 

From the Thoracic Surgery Service, Veterans’ Administration Hospital, Hines, 
III , and the Department of Surgery, Northwestern University School of Medicme. 

This article is an abstract of a paper presented at the fourth annual meeting of 
the Central Surgical Society, Feb 20, 1947 at the Veterans’ Administration Hos- 
pital, Hines, 111 

This article is published with the permission of the Chief Medical Director, 
Department of Mediane and Surgery, Veterans’ Admmistration, who assumes 
no responsibility for the opmions expressed and the conclusions drawn by the 
authors 

1 Keeton, R. W, and Hood, M Symposium on Pneumonia Pulmonary 
Disease Secondary to Amebiasis, M Oin North America 22 27-43 (Jan ) 1938 
2. Ochsner, A , and DeBakey, M Pleuropulmonary Complications of 
Amebiasis Analjsis of One Hundred and Fifty-Three Collected and Fifteen 
Personal Cases, J Thoracic Surg 6 225-258 (Feb) 1936 
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REPORT OF CASES 

Case 1 — ^This patient was admitted senously ill with fever, cough, dyspnea, 
pain in the nght side of the chest of six days’ duration and diarrhea of three days’ 
duration He was slightly 3 aundiced and showed physical signs of effusion at the 
base of the nght lung His liver ivas palpable 4 cm below the right costal margin 
but was not tender A bedside roentgenogram of the chest showed elevation of the 
nght side of the diaphragm and evidence of pleuritis at the base of the nght lung 
A history of service m the South Paafic with recurrent, mild attacks of diarrhea, 
combined with his present symptoms, suggested amebiasis with ruptured hepaUc 
abscess Specific therapy was temporarily withheld while attempts were made to 
isolate amebas in the stools -However, the patient’s condition rapidly deteriorated, 
and although administration of emebne hydrochloride was started on the fifth day, 



Fig 1 (case 2) — Marked elevation of nght side of diaphragm with relatiielv 
clear costophrenic angle. 

he died on his seventh day in the hospital Autopsy showed extensive amebic 
ulceration of the colon and ruptured hepahc abscess with subphremc abscess 
Case 2 — The patient had had dulls, fever, cough and pain in the right side 
of tlie chest of increasing se\cnty for tliree weeks prior to admission and his 
disease was diagnosed as pneumonia He showed no unprovement on peracillin 
therapy and m a few days began to expectorate large quantities of “catsup-hke 
sputum” Ruptured subphremc abscess with bronchial fistula was recognized, and 
lie was transferred to our service, where immediate open dramage of the right 
antenor subphremc space was instituted He showed rapid improiement following 
drainage, and the cough and expectoration soon disappeared. The sputum showed 
an organism suggestue of ameba, and a course of emetine hydrochloride was gven. 
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las were also found after many examinations of the pus from the subphremc 
After emetine therapy, drainag;e almost stopped but later mcreased m 
at, it was finally completely checked by admimstration of a second course 
letine hydrochloride followed by chmiofon 

ISE 3 —This man was transferred to us from another veterans’ hospital with 
lagnosis of probable pulmonary abscess His symptoms dated back approxi- 
y seven months On arrival here, he was emaciated and seriously ill, and 
torated about a quart (094 liter) of "catsup-like sputum” daily Regular 
jenograms of the chest showed no obvious source of this sputum, nor was 
nchogram helpful m demonstrating any pathologic condition A diagnostic 
lopentoneum was performed, demonstrating obliteration of the subphremc 
anteromedially Although no amebas could be found in the sputum, a course 



g 2 (case 4) — A large round mass is seen m the lower pulmonary field on 
ight, and on lateral view is found to be posterior and separated from the 
ragm by a thm layer of aerated lung 

letine hydrochloride was given, followed by rapid improvement of symptoms 
essation of expectoration The patient was soon discharged well 
\SE 4 — This patient, also a South Pacific veteran, had an attack of cough, 
toration, night sweats, hemoptysis and loss of weight early m 1946, and his 
e was diagnosed by his private physiaan as virus pneumonia He improved 
etumed to work, but in September the same sjroptoms returned and he was 
ted to the Veterans’ Admimstrahon Hospital at Hmes A roentgenogram 
in January 1946 showed only a moderate elevation of the nght side of the 
ragm. Roentgenograms taken on his admission in September showed a round 
m the right lower posterior pulmonary field which could be interpreted as 
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abscess, tumor or possibly tuberculoma. Bronchograms showed only a space- 
occupying lesion in this area. On suspiaon, emetine hydrochloride was given, 
and in a period of less than six weeks the lesion completely disappeared. A pneu- 
mopentoneum showed a clear nght subphrenic space. Sputum and stools were al 
negative for amebas The paUent was discharged well 


Case 5 —This patient had the typical, acute pneumonia picture of chills, fever, 
cough and vomiting Sulfadiazine and penicillm had little effect on his symptoms, 
and after two weeks he began to expectorate copious amounts of "anchovy-sauce 
sputum Amebiasis was then suspected, and a course of emetine hydrochlonde 
was admmistered, followed by prompt relief of symptoms and the disappearance 



Fig 3 (case S) — There is partial obliteration of lower third of nght pulmonary 
field The diaphragm was not defimtely visualized, but ivas thought to be fixed 
on fluoroscopic examination 

of the cough and c.xpectoration No amebas were found m the sputum, but a 
specimen of stool contained amebas 

Case 6— This >oung South Pacific veteran had an attack of pain m the nght 
shoulder, followed m a few days by anorexia, pam m the lower part of the chest 
and the upper part of the abdomen on the nght side and general malaise He 
gradually became short of breath and showed increasing fever His physician 
diagnosed empyema, aspirated about 1,000 cc. of bloody fluid from the nght side 
of his chest and then advised hospitalization A roentgenogram on admission, one 
month after onset of sjmiptoms, showed the diaphragm high on the nght side and a 
clear pulmonary field above, indicating that the aspirated fluid had come from the 
subphrenic space rather than the pleural canty Aspiration was performed here 
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on several occasions -with air replacement, tlius demonstrating a huge subphrenic 
space and apparently marked hepatic destruction. Roentgenograms showed two 
large subphremc cavibes with fluid levels, and a roentgenogram taken in the left 
decubitus position helped further to outline the extent of these cavibes Amebas 
could not be found in the aspirated fluid, but a course of emetine hydrochlonde 
was given, this was followed by immediate relief of symptoms and return of tem- 
perature to normal The subphremc cavibes were gradually becoming obliterated, 
but before final results could be evaluated, the patient, feeling well, left the hospital 
and failed to return for check-up 



Fig 4 (case 6) — The right side of the diaphragm is very high Bloody fluid 
(1,500 cc ) has been aspirated from the subphrenic space and parbally replaced 
b} air Note two separate fluid levels 

COMMENT 

It IS obvious from review of these cases that no typical picture or 
syndrome can be described About the only common finding m all cases 
IS roentgen evidence of elevation of the nght side of the diaphragm 
History of previous significant dysentery was unusual, but a period of 
service m North Africa or the South Pacific was m the record of all 
but 2 Demonstration of amebas in the sputum, stool or aspirated 
fluid was made in less than half of the patients These cases have 
clearly shown that an amebic abscess can rupture into the subphremc 
space, perforate the muscular barner of the diaphragm and even rupture 
into a bronchus without causing either general pentomhs or empyema 




LANGSTON-FOX— AMEBIASIS 


623 


SUMMARY 

The following points may be stressed Amebiasis is being seen 
fairly frequently, especially m veterans of the North Afncan or South 
Paafic theaters Some of these cases of amebiasis may present findings 
typical of common diseases of the chest After a reasonable effort is 
made to rule out the common lesions of tlie chest m such cases, one 
should suspect amebiasis and start specific treatment without further 
delay Demonstration of the amebas is frequently impossible, and 
diagnosis must be based on favorable response to emetine hydrochlonde 
therapy The treatment of choice is a course of emetine hydrochloride, 
repeated if necessary, and supplemented by an orally administered 
amebicide and by aspiration if indicated to relieve symptoms of pres- 
sure Early surgical drainage is not indicated and, m fact, may serve 
to delay recovery 



SOME PHYSIOLOGIC AND BIOCHEMICAL ALTERATIONS 
INCIDENT TO SURGICAL INTERVENTION 

Report of a Case 
WILLIAM H FISHMAN, PhD 

CHICAGO 

AND 

HARRY H LeVEEN, MD 
KEW YORK 

^ I 'HE SURGEON is often presented with a deranged metabolism m 
patients who have undergone surgical treatment The derangement 
may be due to the damaging effects of the operation itself or to a 
combination of the basic disease process, the operation and other compli- 
cating factors such as starvation or salt imbalance Although knowledge 
of tlie metabolic disturbances which take place after operative procedures 
IS admittedly highly important, the literature on this subject is fragmen- 
tary and incomplete As a rule, only a few aspects of the physiologic 
process in the patient have been studied, such as organic function or 
tissue electrolytes, and then only in complicated cases Accordingly, it 
was felt desirable to make as thorough a study as possible of the physio- 
logic and biochemical changes which take place during and after 
operation 

The selection of the patient for a composite study of this type was an 
important consideration Such a patient should be essentially normal 
with respect to metabolism and bodily function and should have under- 
gone an operation m which transfusions are usually not absolutely 
required and yet one m which loss of blood and surgical trauma were 
substantial It is important that accurate measurements of loss of blood 
be made operatively and postoperabvely A consideration of all these 
factors led us to select a patient subjected to radical mastectomy as the 
one for study 

The next question to be dealt with was the one of what should be 
studied There are limitations in the number of blood specimens which 
can be removed from a patient without a subsequent transfusion being 
required Also, the number of foreign substances used in clinical tests 
which can be administered simultaneously should be reduced to the 
mimmum because of ignorance of their combined effects m the human 

From the Departments of Surgery and Biochemistry, Umversity of Chicago 

Aided by a grant from the Otho S A Sprague Memorial Institute 
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being However, the selection of analyses Avas influenced mostly by 
the evidence in the literature and by the chnical expenences of surgeons 
therein It was felt that a study should be made of the hematologic 
alterations, changes m body flmd, aad-base metabohsm and mtrogen 
metabolism The study was orgamzed to provide some information on 
each of these aspects 

PLAN OF STUDY 

All noncoagulated blood was collected in bottles containing dned 
heparin All serum specimens were collected under oil Unne was 
collected with toluene as the preservative Blood volume was determined 
according to the method of Gregerson^ All speamens of blood were 
collected without stasis, and for the hematocrit readings the specimens 
were centrifuged for at least thirtj^ minutes at 3,000 revolutions per 
minute 

Preoperatively, determinations were earned out for chlondes,® pn ® 
carbon dioxide content,* total base,^ nonprotein nitrogen,* blood urea 
nitrogen,* total protein * and albumin and globphn * Hematologic studies 
included red blood cell counts, hematoent readings and determinations 
of the hemoglobin content ® The blood volume ^ and the extracellular 
fluid volume ’’ were hkewise determined Many of these determinations 
were repeated two, five and ten hours after the operation and on the 
first, second and third days postoperatively Records were kept of the 
fluid balance, intake of food and loss of blood 

The red blood cell counts were done m triplicate and all chemical 
analyses done in duplicate 

REPORT OF A CASE 

A 56 year old housewife had noticed a lump in her right breast for the past 
year One month prior to her admission to the hospital this lump began to enlarge 
slightly At the same time her entire breast began to enlarge and appeared inflamed 
and slightly tender The patient had otherwise been in good health, and the rest 
of the history w'as noncontnbutory 

1 Gregerson, M I Practical Method for Determination of Blood Volume 
with Dye T-1824 Suiw'ey of Present Basis of Dje-Method and Its Clinical Appli- 
cations, J Lab &. Qin Med 29 1266-1286 (Dec.) 1944 

2 Wilson, D W , and Ball, E, G A Study of the Estimation of Chlonde in 
Blood and Serum, J Biol Chem 79 221-227 (Sept) 1928 

3 Peter, J P , and Van Slyke, D D Quanbtatave Clinical Chemistry, Balti- 
more, Williams & Wilkins Compam, 1932, -vol 2 

4 Gamble, J L Chemical Anatom^. Physiology and Pathology of Extra- 
cellular Fluid A Lecture S^llabus, Boston, Spaulding-Moss, 1941 

5 Campbell, W R., and Hanna, M I The Albumins, Globulins and Fibri- 
nogens of Scrum and Plasma, T Biol Qiem 119 15-33 (June) 1937 

6 E\clyn, K \ Stabilized Photoelectric Colorimeter mth Light Filters T 
Biol Qicm 115 63-75 (Aug ) 1936 

7 Crandall, L A, Jr, and Anderson, M X. Estimation of the State of 
Hydration of the Bod\ b\ the Amount of Water A\'ailable for the Solution of 
Sodium Thiocnnate, Am J Digest Dis S. Nutnbon 1 126-131 (April) 1934 
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Phjsical examination revealed a well nourished and well developed white 
middle-aged woman, weighing 60 Kg , who did not appear ill The lungs and heart 
were apparently normal Her blood pressure was 180 systolic and 70 diastolic 
Her right breast in the upper outer quadrant contained a 7 cm rounded hard mass, 
with Its periphery meeting that of the areolar border The nipple was slightly 
retracted The right breast was larger than the left Several small axillary lymph 
nodes were palpable 

The results of laboratory examinations, which are in the main discussed else- 
where, were essentially normal Roentgenograms of the chest and long bones were 
normal 

A radical mastectomy was performed, without any untoward incident Her 
blood pressure at the beginning and conclusion of the operation was 100 systolic 
and 60 diastolic Her pulse rate was 100 immediately prior to operation and 80 at 
the fimsh of operation Her respiratory rate remained in the region of 34 An 
infusion of 1,500 cc of isotonic solution of sodium chloride was given during the 
surgical procedure The operative loss of blood was 550 cc. 

Except for a pallid appearance, the patient made an uneventful recovery The 
wound healed normally On the first four postoperative days the patient had some 
nausea and occasionally vomited The nausea was coincident with the mtravenous 
injection of thiocyanate 

Pathologic exanunabon of the breast and axillary tissue disclosed widely 
infiltratmg scirrhous carcinoma A total of thirty' diffusely infiltrated lymph nodes 
were dissected out from the axillary fat 

RESULTS ANB COMMENT 

The data have been grouped for convenience of discussion into 
sections on the hemodynamic process, acid-base metabolism, changes in 
body water and nitrogen metabolism 

The alterations in the hemodynamic process have been illustrated 
in figure 1 Although there is a considerable reduction in the red cells, 
hematocrit reading and hemoglobin content from preoperative levels, 
these values alone do not indicate the full extent of tlie changes in the 
composition of the blood Thus, in spite of a 1,200 cc loss of blood 
from the operation and the withdrawal of samples over a three day period, 
the volume is maintained at approximately preoperative levels by a com- 
pensating increase m plasma volume If the blood volume had not 
been replaced by the increase in plasma volume, the blood count would 
obviously remain unchanged Therefore, the reason for the drop in the 
red blood cell count is hemodilution of the residual blood 

The body can deliver rapidly large amounts of plasma protein to tlie 
blood stream after acute hemorrhage,® which accounts for the increase in 
plasma volume Even though the plasma protein concentration was 
obsen'ed to fall (see table), total circulating protein remained constant 
Since blood hemoglobin cannot be replenished as rapidly as plasma pro- 
tein, one can understand the precipitous fall m total circulating hemo- 

8 Madden, S C, and Whipple, G H Plasma Proteins Their Source, 
Production and Utilization, Physiol Rev 20 194-217 (April) 1940 



FISHMAN-LcVEEN— ALTERATIONS INCIDENT TO SURGERY 627 


globm and m red cell mass In any consideration of postoperative 
anemia it is important, therefore, to follow the changes m the red cell 
mass and in total circulating hemoglobin, as the red blood cell count alone 
may be misleading A low count might therefore signify eitlier an actual 
lack of the formed elements or an increase in the plasma volume 

Rapid changes in acid-base metabolism were observed as shown in 
figure 2 The precipitous fall in total carbon dioxide content and the 



DAYS POSTOPERATIVE 

Fig 1 —Illustration o{ hemodynattnc changes incident to surgical intervention 

shift toward acidity as shown by lower values occur without accom- 
panying pronounced changes m total base These observations are 
interpreted as the result of an excess of acid, uhich is probably due to 
lactic acid which accumulates in hemorrhagic shock ° The alterations in 
chlonde content are regarded as compensating for the increase m acid 

9 Nnsh, J Surgical Phjsiolog^, Springfield, 111, Charles C Thomas Pub- 
lisher, 1946 
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present histologic evidence of low grade malignancy they usually progress 
slo\vl_y and usually cause death by interference with pulmonary arcula- 
tion Furthermore, they offer an opportunity for surgical removal 

In 2 of the 3 cases of giant pnmary fibrosarcoma of the pleura 
descnbed by tliese authors aspiration was done One case was discovered 
incidentally during a routine examination of the chest of a woman being 
prepared for a gynecologic operation The large tumor was removed 
witli good recovery In the second case the tumor was only partially 
removed because of its size and extensive adhesions Four years later 
the patient’s symptoms recurred, and the tumor was agam partially 
resected In the third case the giant tumor gave a clinical history of at 
least twenty years’ duration Over a penod of ten years the patient 
had been m the hospital five times with a diagnosis of aortic aneuiysm 
and bronchial asthma Pulmonary edema developed on the fifth admis- 
sion , the woman died, and the giant tumor was discovered at autopsy 

Cabot Case 18452 * (1932) was of a slow growing fibrosarcoma of the 
pleura A clinical diagnosis of tumor of the left pleural cavity was 
established A thoracotomy was done, but the condition proved inoper- 
able Death followed four days later, and at autopsy the tumor was 
estimated to weigh 20 pounds (9,072 Gm ) In this case the clinical 
history was of five months’ duration 

Fawcett® (1945) reported a large fibroma arising from the pleura 
of tlie lower lobe of the right lung A clinical diagnosis of tumor was 
reached by means of roentgen examination and the finding of numerous 
endothelial-like cells, many undergoing mitosis in aspirated fluid At 
operation the tumor, 12 cm m diameter, was easily shelled out, and the 
patient made a good recovery 

In the case of massive pnmary fibrosarcoma of the pleura recorded 
in this paper the clinical picture of pulmonary and cardiac embarrass- 
ment nas caused by pressure of the tumor 

SUMMARY 

A case of giant pnmary fibrosarcoma of the pleura, presentmg a 
clinical picture of pulmonary and cardiac embarrassment, is descnbed 
The diagnosis was established at autopsy 

4 Incapacitating Dyspnea in an Unusual Chest C^se, Cabot Case 18452, New 
England J Med 207 843-847, 1932 

5 Fawcett, A W Large Fibroma Arising from Pulmonary Pleura of Right 
Lower Lobe Bnt M J 2 425, 1945 
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CONTROL OF ARTERIAL HEMORRHAGE BY A GEUTIN 
SPONGE "CUFF" AND CHROMIC 
SURGICAL GUT SHEATH 

A New Expenmentol Method 

HILGER PERRY JENKINS, MD 

EDWARD SENZ, MD 

HOWARD OWEN, MD 

ROBERT JAMPOLIS, MD 
CHICAGO 

T he recent experimental and clinical contnbutions in vascn 
lar surgery have stimulated an interest m this field which may lea< 
to further widening of the scope of surgery The “soluble rod” fo: 
artenal anastomosis which was descnbed by Smith ‘ was designed tc 
simplify the suture technic which was developed chiefly by Carrel, 
Horsley,^ and others, for blood vessel anastomosis The vitallium tube: 
which were introduced by Blakemore, Lord and Stefke ^ for vasculai 
anastomosis and for restoring artenal defects by vein transplants repre 
sent a promising technical development in vascular surgery Thi 
absorbable tubes composed of fibnn which were devised by Swensor 
and Gross® for blood vessel anastomosis represent another importan 
development Minch overcomes a disadvantage of the vitallium tube it 

From the Department of Surgerj, The UniYcrsitj of Chicago, Sdiool o 
Medicine 

Read at the fourth annual mecUng of Uic Central Surgical Association, OncaRo 
I'cb 21, 1947 

This Mork Y\as aided m part b> grants from tlic Upjohn Compan> and b> th( 
Charles F and Marj F S Worcester Memorial Fund of the Um\crsit> of Oucago 
1 Smith, S The Soluble Rod as an Aid to Vascular Anastomosis Arch 
Surg 41 1004 (Oct) 1940, Studies m Expcnmcntal Vascular Surgeri' Surgen 
18 627, 1945 

2 Carrel, A , and Guthne, C C Umtcrminal and Bitcrmmal Venous Trans- 
plantations, Surg, Gjncc. ObsL 2 266, 1906 

3 Horslcv . I S Surgerj of the Blood Vessels, St Louis, C V Mosbs Com- 
pan\, 1915 

4 Blakemore, A H , Lord, J W , and Stcfkc, P L Restoration of tin 
Blood Plow m Damaged \rtcrics, Ann Surg 117 4S1, 1943 

Suenson O. and Gross, R E Absorbable Fibnn Tubes for Vcir 
Xnastomosn burgen 22 137 (lul\) 1047 






(53S 


archives of surgery 


cluldren’s surgerj A\here it would obviously be desirable for the vascular 
cliannel to increase m size with the growth of the child The operation for 
coarctation of the aorta reported by Gross ^ and the operation originated 
b} Blalock and Taussig ' for malformations of the heart with pulmonary 
stenosis or atresia and the anastomosis of the aorta to the pulmonary 
artery developed by Potts, Smith and Gibson ® represent most valuable 
contnbutions to clinical vascular surgerj' These operations were 
developed as a result of extensive expenmental studies on animals in 
which the technics for these vascular anastomoses were ivorked out 

The concentration of most of the vascular injuries of the recent war 
m the hands of a relatively few experienced surgeons has given an 
impetus to this field of surgery The reports on the management of 
vascular injuries, such as the extensive review by DeBakey and 
Simeone,® indicate that these injuries have been competently handled 
However, in only a relatively small proportion of the acute artenal 
injuries has it been feasible to resort to suture, anastomosis or vein graft 
with the aid of vitaUium tubes The results m these cases from the 
standpoint of prevention of gangrene have not been especially satis- 
factory as compared with the cases m which ligation was done There 
IS obviously a place for some further study of the problem of repair 
of a damaged artery which would offer a more satisfactory means of 
restoring blood flow than hanng to resort to ligation in so many instances 

In view of the satisfactory results which were obtained in controlling 
hemorrhage from wounds of the vena cava and other veins m dogs by 
the gelatin sponge “patch” it appeared plausible to attempt control 

6 Gross, R E Technical Consideration m Surgical Therapy Coarctation of 
\orta, Surgerj' 20 1, 1946, Surgical Correction for Coarctation of the Aorta, 
ibid 18 6/3, 1945 Gross, R. E , and Hufnagel, C A Coarctation of Aorta 
Espcnmental Studies Regarding Its Surgical Corrections, New England J Med 
233 287, 1945 

7 Blalock, A , and Taussig, H G The Surgical Treatment of Malforma- 
tions of the Heart m Which There is Pulmonary Stenosis or Pulmonary Atresia, 
JA \l \ 128 189 (May 19) 1945 

8 Potts, W T , Smith, S , and Gibson, S Anastomosis of Aorta to PuJ- 
monan Arteiyy JAMA 132 627 (Nov 16) 1946 

9 DcBakej, M E, and Simeone, F A Battle Injuries of the Arteries in 
World War II. Ann Surg 123 534, 1946 

10 Jenkins, H P , and Janda, R Studies on the Use of Gelatin Sponge or 
Foam as a Hemostatic Agent in EKpenmental Liver Resections and Injuries to 
Enrge Veins, Ann Surg 124 953, 1946 
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of artenal hemorrhage with this new hemostatic agent A technic was 
devised w'hich consisted of wrapping a “cuff” of dr}' compressed gelatin 
sponge about the w'ound m the arter}' and surrounding this wnth a 
sheath of chromic surgical gut With this method, it was possible to 
control hemorrhage and restore blood flow in wounds of the aorta m 
experimental animals without having to resort to artenal suture A 
preliminary report of this method has been made “ 

EXPERIMENT 

A senes oi 22 dogs were operated on under ether anestliesia and with aseptic 
technic The aorta distal to the renal arteries was exposed by a midline or a 
transverse abdominal incision The ovcrljing peritoneum vtos incised and the aorta 
isolated from surrounding structures It was necessary in most instances to ligate 
sev oral of its small branches to permit mobilization Rubber-cov ered bulldog clamps 
were applied above and below the point selected for the wound and then a scalpel 
was thrust through one or both walls of the vessel (fig 1 A) When the proximal 
bulldog clamp was temporanh released, the hemorrhage which resulted could best 
be described as massive (fig 1 B) The gelatin sponge available for these experi- 
ments was in the form of sheets approxiniatclv 3 inches b> 4 inches by ^4 >nch 
(7 0 b\ 10 2 by 1 3 cm ) It had been previously heat sterilized and packaged in 
scaled glass jars hj the manufacturer \ piece measunng about 154 by 2 inches 
(3 8 b> 5 1 cm ^ w as cut from the large sheet This vv as then compressed vv ilh 
the fingers until it was pliable and could be rolled into tlic form of a tube The 
gelatin sponge is rather brittle in the drj state and unless it is compressed cannot 
be rolled up When moistened, it is more difficult to handle and rather friable 
The smaller pieces of gelatin sponge which arc commcrciallj available were found 
to be too narrow and too thin for the purposes of this experiment. The dr> com- 
pressed sheet of gelatin sponge was then wrapped about the wound in the vessel 
and held in place with several sutures of extra chromic surgical gut (size 0) The 
bulldog clamps were then released and the blood flow restored without further 
hcmorrlngc (fig 2 A) 

The technic dc^ribed was used m the first five experiments The gelatin 
sponge was not found to be strong enough to withstand alone the arterial blood 
pressure The technic was then modified bv wrapping the gelatin sponge '‘cufi” 
111 a sheath of cliromic surgical gut This sheath was held in place bv several sutures 
of extra chromic surgical gut (fig 2 B) Some care was neccssarj in tv mg up the 
siitiircs to avoid constricting the lumen of the vessel and thus impairing the blood 

11 Knknns H P and Clarke, J Gelatin Sponge k Xew Hemostatic Sub- 
stance Studies on Absorbabihtv , Arch Surg 51 253 (Nov -Dec) 1945 Jenkins 
H P landa R and Qarkc, R Clinical and Expenmental Observations on the 
Lsc of Gelatin Sponge or Foam, Surgerv 20 124, 194fi 

12 Icnkins, H P , Senz, E H , Owen H W and Jampohs, R W The 
Present Status of Gelatin Sponge for Control of Hemorrhage, with Experimental 
Data on Its Use lor Wounds of the Great Vessels and the Heart J \ M ^ 
132 rd4 (\o\ 161 1946 
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flow The subsequent sLxtcen expenments were then performed by supplementing 
the gelatin sponge “cuff” by a sheath of chromic surgical gut, except for one experi- 
ment, in which a plain surgical gut sheath was used but found to be inadequate for 
the purpose 

The chromic surgical gut sheath was prepared by two manufacturers is of 
surgical gut b> wrapping the flat strips of sheep intestine, such as are used for 





Fig 1 4 ssalpel w ound of aorta of dog , B, hemorrhage from wound of aorta 

making ligatures and sutures, about a rod The rod was removed after the strips 
had dried, thus forming the sheath It was necessary to split the sheath along one 
side so that it could be wrapped about the gelatin sponge cuff A size was selected 
which permitted some overlapping of the sheath when the sutures were tied up The 

13 Ethicon Suture Laboratories, and Amour Laboratories 
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chromicizing process \\as carried out pnor to \% rapping on the rod b^ the metliod 
customar> for the manufacturer Adequate sterilization for the purposes of tliese 
experiments uas obtained bj immersing in 95 per cent ethjl alcohol for se\eral 
days The manufacturers are working out a method of p^o^^dl^g this sheath in 
sealed glass tubes after their usual process of heat stenhzation such as is used for 
ordinar\ surgical gut 



Tig 2 — 1 gehtin sponge ‘cuff’ wrapped about wound of aorta while hcmor- 
rlngc IS controlled teniporanh bi bulldog damps , ff chromic surgical gut sheath 
which surrounds gthtin sponge cuff” The sheath is held in place with sercral 
surgical put sutures The blood flow is restored and the hemorrhage controlled 


At autopse, the \cssel was carcfulW dissected out and remoeed Photographs 
were taken before and after opening the lumen of the aessd The specimens 
were preserved in fomialdelndc solution (10 per cent of the U S P concentration), 
and sections were cut through the wound in the vessel for microscopic studv 
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RESULTS 

All the 22 animals survi-ved the immediate postoperative period In 
the series of 5 animals in which the gelatin sponge “cuff” alone was 
used to control hemorrhage from a wound of the aorta a blowout 
occurred m 2, vhich caused death on the fourth and the sixth day 
respectively from massive retroperitoneal hemorrhage The other ani- 
mals in tins senes died on the second, third and sixth days after 
operation from distemper and pneumonia There was no evidence of 
secondary hemorrhage in these animals, and the lumen of the vessel 
was found to be patent However, the gelatin sponge cuff was rather 
badly fragmented, especially where the sponge was held by the sutures 
In one experiment in which the plain surgical gut sheath was used a 
blow out occurred on the fourteenth day which produced a fatal hemor- 
rhage In addition, there w^as a mural tlirombus in the region of the 
w ound in the vessel 

In the senes of 16 animals in which the gelatin sponge “cuff” was 
supported by a sheath of chromic surgical gut there was only one blow'out 
from the artenal w^ound This occurred on the fourth day In a second / 
experiment, there was a blowout on the seventeenth day which occurred 
proximal to the through and through stab wound of the aorta The 
wounds m the vessel wall w'ere- healed , however, there appeared to be 
erosion of the vessel where the chromic sheath cut into it at the level 
of the most proximal chromic surgical gut suture, which was apparently 
tied up too tight Six animals died from distemper and pneumonia, 
or w ere killed, on the third, the sixth, the ninth, the teftth, the eleventh 
and the fourteenth day The sponge “cuff” and sheath were found to 
be intact, and the lumen of the A'essel was patent and free from evidence 
of thrombosis The wound of tlie vessel was easily identified 

Eight animals which survived for longer periods were killed as 
follow's 2 on the tw'enty-fourth day and 1 each on the fortieth, the 
fort} -eighth, the fifty-fourth, the sixty-fourth, the seventy-third and 
the eighty-eighth da} The chromic surgical gut sheath was found to be 
encapsulated in fibrous tissue w'hich gave additional support to the 
lessel wall (fig 3 A) When this fibrous capsule was opened up, 
tlie cliromic sheath could be readily i(3entified up to about six weeks 
(fig 3 B) After six weeks to tivo months, it was difficult to identify 
the chromic sheath as a separate layer, as it was in a moderately 
adi'anced stage of absorption and incorporated m the tissues surround- 
ing the lessel wall, imparting a brown or green color to these tissues 
(fig 3 C) The gelatin sponge could usually be identified grossly m 
the animals which sumved three to six weeks wffien the vessel was 
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cut open The location of the 'i\ound m tlie \essel A\all could be 
detected as a ^\hlte scar i\hich was apparently -well healed o\er 
(fig 4 A) In one instance, ho^\e^er, a large propagating thrombus 
was adherent to the wound in the ressel wall This thrombus pro- 



I ip 3 — / I v\K.cinit.ii ot till, ^ort^ t\\cm\-four dn\s nfter scalpel wound and 
control o( iKniorrlnpe b\ gelatin epongc *cufl ' supported b> chromic surgical gut 
sheath Tiic sheath has become encapsulated in fibrous tissue which is continuous 
with the vessel wall thus providing additional support B a specimen of tlic aorta 
iwcntv four davs after scalpel wound in vessel wall The chromic surgical gut 
shcatli can 1m; seen under the partiallv Tcmovcd overlving fibrous capsule The 
wound can Ivc identified as a small dvprcssion adiacent to the lumen of a small 
branch of tlu aorta C a spt-cimcn of the aorta fortv davs after repair of scalpel 
wound In pilatm sponge cuff supported b\ chromic surgical gut shemh The 
sheatli has undergone modcrats absor^ition and is incorporated in the fibrous ti'sue 
'urtojiKhng the aorta at this punt Tlurc is a dark color imparted to the tis ues 
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and slow absorption It was our impression that the more heavily 
chromicized material produced less tissue reaction dunng the relatively 
longer period of absorption than the other matenal 

COMMENT 

A significant point in this ivork is that arterial hemorrhage of a 
magnitude which would cause rapid exsanguination and death within 
a few minutes in expenmental animals can be controlled by an absorba- 
ble hemostatic agent without resorting to ligation or artenal suture 
Granted that the hemostatic agent used was not sufficiently strong 
to withstand alone the artenal pressure after several days in the tissues, 
nevertheless the pnnciple of control of arterial hemorrhage by an absorb- 
able spong)^ matenal is of importance Owing to the fnability of the 
sponge, it was found necessary to give additional support by a sheath 
of chromic surgical gut to prevent blowouts duripg the healing of the 
artenal wound The force of tlie artenal blood pressure w'as obviously 
too great lor the physical stnicture of the sponge A contributing 
factor was the cutting effect of the sutures on the sponge wdiich was 
produced by the artenal pulsations This sometimes resulted m cutting 
the gelatin sponge into several segments It is possible that this cut- 
ting effect may be prevented by using a tougher and stronger spong}' 
material However, the chromic surgical gut sheath appeared adequate 
to hold the sponge m place and give it sufficient support during the 
period ot healing of tlie artenal wound The sheaths w'hich w^ere not 
chromiazed became so soft after a few days m the tissues tliat they 
w ere found to be unsuitable for this type of work The chromic surgical 
gut bheath represents an innoiation m absorbable materials wdnch mav 
find uses in other fields of surgerj' and deseiw^es further study, 

Smith has used the cuff technic in expenmental artenal anastomoses 
m which only seven interrupted sutures were used to bring the ends of 
the arter)’’ into apposition His experiences wuth different types of 
cuffs such as jugular vein segments, rubber, fascia, muscle and oxidized 
cellulose iiere unsatisfactory, as thromboses developed When concen- 
trated fibrinogen bolution was used to prepare a mold about the site of 
the anastomosis producing a fibrin layer it w^as found that this would 
not w ithstand the art-erial pressure 

14 Jenkins, H P , and Hrdina, L S Absorption of Surgical Gut (Catgut) 

I The Decline m Tensile Strength in the Tissues, Arch Surg 44 881 (May) 
1942) , II Pepsin Digestion Tests for the Evaluation of Duration of Tensile 
Strength in the Tissues, ibid 44 984 (June) 1942 Jenkins, H P , Hrdina, L S , 
Owens, F Jr, and Swisher, F M III DuraUon in the Tissues after Loss 
of Tensile Strength, ibid 45 74 (July) 1942 Jenkins, HP IV Recommenda- 
tions for •\bsoTbabiliti and Digestibilitj Specifications ibid 45 323 (Aun) 1942 
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The blo^\out \\hich occurred from tlie eroding effect of the chromic 
surgical gut sheath where it was held bj the most proximal Suture is of 
interest and demonstrates a potential hazard of this method ^Iurra> 
has found that “rigid bands applied around the site ot repair of vessels 
ina\ be a menace in causing necrosis of the ^ essel wall ” The chromic 
shtatli usualh becomes softened in the tissues after one or two weeks 
and should not present the same menace as a metal band Xe\ ertheless, 
this obsenation is significant and must be considered as a limitation 
to the method described, and illustrates the need for care m tjung the 
sutures with just enough tension to make snug apposition of the sheath 
alioiit the sponge without producing constriction of the \ essel Further- 
more, It suggests that it would be w'lse to allow an excess of gelatin 
siionge to extend be\ond the sheath to act as a buffenng pad and thus 
jnotcct the arter} from erosion at the proximal end of the sheath This 
would probably be desirable also at tlie distal end of the sheath 

1 here is no question about the desirability of utilizing a careful 
arterial suture for repair of wounds or for arterial anastomoses The 
cufi technic such as was utilized in these animals merely offers an 
experimental method which might lia\e some clinical application in 
circumstances m which a satisfactory repair is not feasible by the stand- 
aid suture technic It is probable that its most potential field of useful- 
ness would be as an additional safeguard against blowout of an arterial 
‘•uture hue There is no place m surgery where greater care must be 
exercised in placing c\cr\ single suture and obtaining the optimum 
apposition with the minimum of strangulation of tissue The outcome 
IS sfi dependent on getting eecry suture correctly placed that only 
jKriection m technic pcnnits success in this tape of surgery 

In traumatic lacerations of arteries, Pratt has found it desirable 
tu rexnforce the silk suture line with a strip of fascia or muscle wrapped 
about the site of repair Tins suggests a need for some type oi rcen- 
lorccmcnt which could be supplied by the method described here 

In ai tenotomy for rcmo\al of an embolus, one may encounter <^omc 
tnhmcal difliculty in obtaining a satisfactori closure anth sutures if 
tlun IS much arteriosclerotic change rurthermore the healing of the 
ac'-^cl ma\ be impaired In the prc'=cnce of arteriosclerosis The gelatin 
vpongc cuff and chromic surgical gut sheath ma\ be lound to be csj^'ialh 
ilipri'j^riatc undir such circuinstnuccs as -i re< nforcement of the suture 
bin 1 ^ siipj^ivted In de '1 akats 

\!trri\ G Tlic of \rit-nfc an I Rf'a* c>^^hIp to Sexo'-dan 

limitilncf IS ^24 

’o Tra’l, (; H Tic s^erpicil Ma-ape c— i' \ce'c ^r‘e-nl OHe« 

1 \ 150 to: tn ]04. 

17 iV T it I' <1 1\ 1 Cl I n 1 ri a’l i *'• ’ r l ' 
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It IS possible that with the aid of the new absorbable hemostatic 
agents some modifications of the standard suture technic of vascular 
repair may be developed In the repair of a wound of an artery or in 
an artenal anastomosis, the suture technic must perform two functions 
It must bnng the vessel walls into apposition and produce a "water- 
tight” closure It may be found feasible with these new hemostatic 
agents to depend on the sutures mainly for good apposition of the vessel 
wall and rely on the cuff of hemostatic agent to maintain a “watertight” 
repair of the wound or line of anastomosis This may make it possible 
to obtain satisfactory arterial repair after a less careful suture technic 
than that now required 

One of the pnncipal hazards of any type of blood vessel repair or 
anastomosis is the problem of thrombosis such as was observed in one 
expenment In arterial suture, the development of a thrombus may 
be a relatively slow process which may require several weeks or more 
before the thrombus occludes the vessel Meanwhile collateral circu- 
lation has had an opportunity to develop, so that in the event of com- 
plete occlusion by the thrombus the danger of peripheral ischemia and 
gangrene is substantially lessened However, with the advent of the 
anticoagulants for use in the treatment of thrombotic vascular disease 
another hazard of vascular surgery may be minimized, as pointed out 
by Murray A refinement m the anticoagulant therapy which deserves 
mention is the use of hepann in the Pitkin menstruum, such as was 
emplo^ ed by Loewe, Rosenblatt and Hirsch for venous thrombo- 
embolic disease 

If the gelatin sponge cuff and chromic catgut sheath should prove 
of value in minimizing blowouts, and with the aid of anticoagulants to 
prevent thromboses, it should be possible for more well trained surgeons 
to include m their repertory the surgery of the vascular system, which 
has thus far been a highly speaalized field m which only a few have 
become proficient 

SUMMARY 

An experimental nonsuture method for repair of wounds of arteries 
has been presented which consists of wrapping a cuff of gelatin sponge 
about the wound m the vessel and supporting this with a sheath of 
chromic surgical gut With this method it has been possible to control 
hemorrhage, restore tlie flow of blood and prevent for the most part 
subsequent blowouts 

18 Murraj, G D W Hepann in Surgical Treatment of Blood Vessels, Arch 
Surg 40 307 (Feb) 1940 

19 Loewe L , Rosenblatt, P , and Hirsch, E Venous Thromboembolic 
Disease, JAMA 130 386 (Feb 16) 1946 
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CONCI 1.510NS 

The gelatin sponge cuff and chromic surgical gut sheath offer a new 
cxpenmental method which ma\ be found on turther stud) to ha\c 
a clinical application such as in the emcrgenc) treatment of wounds of 
major arteries, where one may not be m a position to do a careful 
arterial suture, and as a “sccondar) line of defense” against blowouts 
where arterial suture has been perforn’ied for a wound of the eesscl or 
for anastomosis 

The chromic surgical gut sheatli is an inno\ation in absnrable materials 
which may find uses in other fields of siirgeiw 

Note. — Subsequent obser\ations on tlic hcat-stcnlizcd npc of bca%nl> chromi- 

azed sheath supgest that six months or more maj be required before absorption 
occurs 



ORTHOPEDIC OPERATIVE PROCEDURES ALLOWING 
EARLY MOTION 

FRANK E STINCHFIELD, M D 
NEW YORK 

T O ACHIEVE early motion is one of the mam objectives in 
modem treatment of orthopedic problems The method of simply 
immobilizing an injured member m plaster for a prolonged penod is 
being replaced by various operative procedures •which allow early 
motion and which are designed to accomphsh the dual purpose of 
producing a satisfactory end result and at the same time preserving 
tone and function of the surrounding soft tissues 

SURGICAL PROCEDURES 

The following examples of surgical procedures are submitted as 
designed to accomplish these ends The illustrations and the cases 
ret erred to are taken from vanous series at the Presbyterian Hospital 
and the New York Orthopaedic Hospital in New York city 

Claude — Injuries causing ruptures of the conoid and trapezoid 
ligaments produce complete coracoclavicular and acromioclavicular 
separations, as shown m figure \A Various types of treatment have 
been proposed for this kind of injury, ranging from prolonged immo- 
bilization m plaster to repair of the coracoclavicular ligaments by use 
of fascia or other retention sutures These required long periods of 
immobilization It seems that by far the best results are achieved when 
a Kirschner wire is drilled across the acromion into the distal clavicle, as 
in figure 1 B Usually the ruptured ligaments then heal spontaneously, 
and not infrequently calcification can be seen m the conoid and trapezoid 
ligaments, indicating a healing of this area of injury The shoulder and 
arm are permitted to be used , no plaster is applied and no immobilization 
required Thus, complete motion and maintenance of muscular tone 
are accomplished 

Elhoxv — In fractures of the radial head in which there is displace- 
ment into the brachialis anticus muscle (fig 2A) immediate operation 
is indicated An incision on the anterior aspect of the elbow should be 

Read at the fourth annual meeting of the Central Surgical As'iociation, Chi- 
cago Feb 22, 1947 
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made to c\acuate tlic hematoma. This is a most important step in 
the pre\ention of mjositis ossificans The radial head is remo\ed, 
as slioun in figure 2B Postopcrati\ eh , the elbervs is put m a sling, 
and motion ^\lthm pain limits is permitted uithiii the first tA\cnt>-four 
hours The patient should ne\ er recen e massage or manipulation of the 
imohed area Prior to the use of this procedure, nnositis ossificans 
dc\ eloped in approximateh 10 per cent of the cases, but since its 
.idoption this most common comjilication has not dc\ eloped m ain cn«c 



1 ir 1 — liijurv o{ till. claMclc 4 , rocntpciioErani ^liowiiip coracrMrlaMcular 
acronii(vIa\)cahr *-cinranoa<; , /?, Kir«chncr wire dnlltd acrcK*. the acroTiir-i 
into thr dutnl chMclr 

Hard — In nsis oi fncturcs of the mctacaqnl l><j’ic«, Miov n m 
n^iirc 3 ] ii ln« bttn unnid extrcmch athamaptous in insert Ki’-schntr 
Wires both ab'Wt and below tic frarlurc, as indicated in fipiire 31' 
”1 1 iv can be lUnu rndtr local anc^ihfsta The wires sbo dd Ive cut 
chvi to ibt lone uul tbe sbm allow cil to clo^r n\er il c ends the 
wiic rtvMncra’urb no ph-’r- iv a]'])! ed o.,,] ^-^rb nKfoi n-' tie 
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hand is encouraged The patient is generally allowed to resume his 
duties immediately The wires are usually removed two months post- 
operatively The roentgenograms show a fracture suffered by a neuro- 
surgeon, who resumed operating tliirty-six; hours after injury This 
method of immobilization and active use is applicable m fractures of all 
the metacarpal bones except the first 

Hip — One of the most difficult problems to treat properly is that 
of the elderly patient who suffers an intertrochanteric fracture Although 



Fig 4 — Reducbon and immobilization of an intertrochanteric fracture of the hip 

it is known that these fractures heal rapidly and exceptionally well, 
it IS difficult to immobilize them sufficiently to allow the patient to be 
ambulatory and thus prevent the common complications of decubiti 
or pulmonary stasis It therefore is advantageous to insert a Smith- 
Petersen nail and then apply a McLaughlin plate, which is so fashioned 
that one can adjust for valgus or varus of the hip In this way firm 
immobilization is accomplished, which permits the patient to be out 
of bed the following day Thus at no time is it necessary' to put the 
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patient in traction, suspension or plaster It is felt that this method of 
fixaUon IS advantageous in that it is adjustable for varus and valgus 
deformities Previous to the use of this procedure intertrochanteric 
fractures presented much more of a problem than the transcervical frac- 
tures of the neck of the femur because of the difficulty m acquinng 
satisfactory immobilization without the use of plaster Figure 4 
sho^\s the reduction and immobilization of such a fracture by this 
method 



Fig 5 —Roentgenogram taken six weeks after the insertion of the Kunscliner 
nail for a fracture of the femoral shaft 

Femur ^Recently the method used in treating fractures of the 
femoral shaft is the one populanzed by the Germans dunng the last war 
The use of a Kunschner nail inserted through the greater trochanter, 
down the medullarj’^ cavity and across the fracture line and well embedded 
into the distal fragment has given satisfactory immobilization and allowed 
earl} ambulation Figure 5 is a roentgenogram of such a fracture made 
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SIX weeks after tlie insertion of the Kunschner nail The patient was 
permitted to walk with crutches two weeks after operation The crutches 
^\ere discarded seven months postoperatively, at which time solid union 
of the bone was present 

Ttbta — It is well known that union is slow in fractures of the 
tibia, and often m the accomplishment of union considerable stiffemng 
of the joints above and below the fracture is encountered Therefore, 
early internal fixation by plate and screws and the use of a transfixion 
screM are often indicated Figure 6 show s the postoperative roentgeno- 



Fig 6— Postoperative roentgenogram of a fractured tibia treated with internal 
Tixabon by plate and screws 

gram of a fractured tibia treated in this manner The extremity is 
then suspended in a Thomas splint and a Pierson attachment, and at 
no time is plaster applied The joints of the knee and ankle are mobil- 
ized immediately, and the patient is allowed to be ambulatory^ as soon 
as the sutures are removed 

Ankle — It IS well known that one of the most difficult mjunes to 
treat is a fracture of the ankle rvhich extends into the joint, with a 
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separation of the infenor tibiofibular ligamentous structure (fig 
The end result is rarely good unless the fractures are accurately reduced 
and firmly immobilized as m figure 7 B Open reductions accomplish 


these tvvo necessar}' objectives 



Pjg 7 — Roentgenogram of a fractured ankle A, separation of the infenui 
tibiofibular ligamentous structure, B, reduction and immobilization 


Early motion is instituted, and plaster is never applied By this 
method motion of the joints is maintained, soft parts do not become 
braivny and indurated and normal bony contour is restored 

Acfnlles Tendon — In treatment of ruptures of the achilles tendon 
tlie method advocated by McLaughlin has been employed, which utilizes 
the pnnciple of the Bunnell pull-out suture whereby the tendon is allowed 
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to heal end to end without the tension on the suture line produced by 
contraction of the gastrocnemius muscle As illustrated in figure 8, 
the frayed ends of the achilles tendon are freshened {A,l) A drill 
hole IS made from the lateral to the medial side of the os calcis {A, 2) 
and a stab wound made on the medial aspect of the os calcis (^A, 3) 
A wire tension suture is then placed through the proximal end of the 
severed achilles tendon Tlirough the hole m the os calcis a stainless 
steel bolt is passed (fig 8 5, 3) The wire previously placed through 
tlie proximal portion of the tendon is then tightened around the bolt 
(5, 2 and 3) The approximated ends of the tendon are then sutured 
with black silk This permits easy identification and withdrawal of 
the wire at a later date The protruding end of the bolt is then cut 
flush wth the os calcis and the entire area closed In this manner there 
are no protruding bolts or wires through the skin 

After operation, the lower part of the leg is encased in an Unna paste 
boot and a three-quarter inch (2 cm ) raise of heel given The patient 




Fig 8 — Treatment of rupture of the Achilles tendon 

is allowed to walk about two weeks after operation The wire and 
bolt are removed between three and six weeks postoperatively This 
same pnnaple is used in ruptures of tlie patellar tendon 

Spine — ^The time-honored method of spine fusion — that of immo- 
bilization in plaster for six to twelve weeks — ^has undergone revolutionary 
changes withm the past two years The Hibbs type of fusion is per- 
formed in the regular manner, but in addition, accordmg to the method 
advocated by Von Lackum, a bone chip is inserted into the facet space 
and a hole dnlled from the lamina through the facet into the lateral mass 
of the sacrum Into this hole a stainless steel screw is mserted (fig 9) 
A one and a quarter inch (3 cm ) screw is used in fusions of the fifth 
lumbar and first sacral vertebrae and a 1 inch (2 5 cm ) screw in 
joints above this level The fusion is usually reenforced by bone from 
the wing of the ilium At times, however, bank bone is used, which is 
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hone ot a homogenous nature that has been preserved by freezing and 
stored lor use when required 

In fusions of the fiftlr lumbar and first sacral vertebrae the patient 
IS out of bed on the twelfth postoperative day and allowed home wear- 
ing a Knight spinal brace on the fifteenth to twentieth postoperative 
day In fusions of the fourth and fifth lumbar and first sacral vertebrae 
the patient is kept in bed for six weeks and then allowed to be ambula- 
tory, again with the use of a Knight spinal brace 

It might be felt that too much operative work is advocated in this 
paper Hon ever, I would like to point out that isolated instances 
have been chosen for the material on which this report is based Also, 
It IS of interest to know that at the Presbyterian and New York Ortho- 
paedic hospitals open reduction is carried out in only 10 per cent of 



Fig 9 — Spine fusion m which screws have been used 


.ill the fractures treated It is true that in most other hospitals open 
reduction is performed in only 3 per cent, but nonetheless it is felt that 
the handling of such fractures as are mentioned herein m the manner 
described affords the best results 

DISCUSSION 

Dr George J Curr\ Flint, Mich I should like to discuss the paper of 
Dr Stinchfield I stronglj support the basic principles which he has emphasized 
for the management of certain fractures, urging the selection of any type of 
management that will permit early ambulation The six examples that he has 
presented are well chosen and clearly show the value of early internal fixation 
I should like to comment especiallj on fractures in and about the hip joint. He 
made the statement that with the selection of internal fixation the patient with 
a fractured hip maj become ambulatory early and be permitted sometimes to 
sit up the first hour or the first day This is more applicable to fractures of the 
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femoral neck and certain fractures in the trochantenc area During the past 
nine years at Hurley Hospital, Flint, Mich , we have operated for and internally 
fixed fractures m the hip region in 284 cases My personal expenence with 
intertrochanteric fractures of vanous types includes 89 cases in which internal 
fixation was earned out 

Roentgenograms frequently do not show the degree of comminution found 
at tile time of operation I feel that a note of caution should be gpven concern- 
ing cases with much comminution in relation to permitting ambulation in a wheel 
chair from the first postoperative day It is obvious that the operation may be 
disturbed by the mechanical procedures necessary to accomplish this act Con- 
siderable ambulation can be accomplished with the patient m bed by the use 
of the back rest and the frequent movement of unaffected extremities I have 
seen patients who I thought were physiologically inert sitting in a wheel chair 
Certainly the patient weighing 225 pounds who has an mtertrochantenc fracture 
that has been internally fixed is a more difficult problem than the slender, smaller 
type. Patients with simple intertrochanteric fractures without comminution 
may enjoy aU the phases of early ambulation. 

There are intertrochanteric fractures of the complex type m which the 
comminution is so marked that one would not select any type of internal fixation 
because of the fadure to find an area in which the internal fixation agent would 
hold. I believe that this type of fracture should have skeletal traction 

Dr Paul Greeley, Chicago One thing I should like to ask Dr Stmchfield 
IS about the used of banked bone There is a large group who believe that the 
use of such bone grafts is open to question because of absorption I should like 
to know what the ultimate clinical and microscopic results are 

Dr. Frakk E Stinchfield The question of “bone bank” is one of extreme 
interest to me. The bone bank was first established about a year ago at New 
York Orthopaedic Hospital for the purpose of supplying extra bone when 
needed in vanous surgical procedures It is most appreciated in spine fusions, 
arthrodeses and scolioses 

The use of autogenous bone seems to be more satisfactory than the use of 
homogenous bone. I do not advocate the use of homogenous bone in place of 
autogenous bone but do advocate its use when autogenous bone is not available. 

Actually, few of the bone cells survive However, we have seen some of 
the cancellous bone cells survive but few, if any, of the cortical cells The chief 
advantage of bank bone is that the bone affords a local source of calcium and 
acts as a trellis for new bone formation 



INTEROSSEOUS WIRING IN THE TREATMENT OF 
FRACTURES OF THE MANDIBLE 


STUART GORDON, MD, MS (T), FR.CS (C), FACS 
TORONTO, CANADA 

I NTEROSSEOUS winng as a metliod of treatment in suitable frac- 
tures of the mandible has not been used as extensively as, in my 
opinion, its value justifies Its use in the past has indeed been dis- 
couraged because of the complications that may follow It is proposed 
to discuss, in this commumcation, the use of the method in the treatment 
of forty-eight fractures in 46 patients Eighteen of these patients were 
soldiers injured by enemy action 

Wire suture of the fractured mandible is applicable in fractures of 
the edentulous mandible, fractures having an edentulous postenor frag- 



Fir 1 — The method ot fixation is shown, i e., simple suture above and figure 8 
suture beloM 

ment, multiple iractures (for stabilization of the mam fracture), bilateral 
tracture through the mental foramina ivith downward displacement of 
the cen*^ral fragment, gun (or shell) wounds (for stabihzation when a 
portion !•, missing) and in fractures at the base of the condyle -with 
displacement 

Incision IS made below the mandibular line No attempt is made to 
protect the inframandibular branch of the facial nerve, as recovery 

Read at the fourth annual meeting of the Central Surgical Associabon, 
Chicago, Feb 21, 1947 

From the Division of Plastic Surgery, Toronto General Hospital, and the 
Division of PlasUc Surgery, ClinsUe Street Hospital, Department of Veterans’ 
Affairs, Toronto The illustrations are from the Medical Arts Department, Chnstie 
Street Hospital 
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uniformly has followed its injury The fracture ends are freed of soft 
tissue on both surfaces for about ^ inch (19 cm) Two holes are 
drilled m each end as m figure 1 A high speed drill should not be used 
Twenty-six gage stainless steel wire is threaded through the upper two 
holes as a simple suture It is not tightened until the other wire is m 



Fig 2 — A special instrument for holding the reduced fracture in position is 
illustrated. The pan is placed on the lingual side. Injury to deeper structures while 
dnllmg is prevented, and threading the wire through the dnll holes is made easier. 
It was made for me by Messrs Chas F Thackray Ltd , 252 Regent Street, London 
Wl, England. 



Fig 3 — A fracture in the molar region is demonstrated Displacement is typical 
Extrusion of the second molar is present PosiUon following extraction of the 
molar, reduction of the fracture and fixation by interosseous winng is sho\vn at 


place. It was found that some degree of displacement of the postenor 
fragment recurred if the lower wire was also used as a simple suture. 
At the suggestion of Lieut Colonel G Franklin, C D C , this wire was 
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the handles holds the fracture m position, allows the holes to be drilled 
without fear of injury to deeper structures and, since the floor of the 
pan slopes aw-ay from the mandible from above down, the wire ends 
present in the wmund after passing through the drill holes 

If a tooth m the line of fracture w-as rather loose or fractured, or 
had a denuded root m the fracture line, it w’as extracted before the 
incision w'as made If possible, an mtraoral dental roentgenogram should 
be taken, since the information obtained from it is of more value than that 
obtained from the ordinary' large roentgenogram Extraction was done 
m 17 instances In 10 of these 17 cases a postoperative complication 
developed, an infection m 9 cases and delayed union in 1 


Table 1 — Number of Paltcitfs and Fractures and Tyl>es of Fractures 


>>uml>er of patients 

4G 

dumber ol Irnctutes 

48 

^aInbe^ of angle fractures 

21 

dumber of body fractures 

7 

Number of condyle fractures 

0 

Number of war Injuries 

18 


Table 2 — CompUcattons 



Osteomyelitis 

Infection ol soft tissue 

1 


Severe 

1 


Mfid 

8 


Delayed union 

4 


Nonunion 

3 


Sinus due to wire 

2 


The method has been used in 13 cases having an edentulous pos- 
tenor fragment , in 12 of these the tracture was at the angle, and m 1 
It W'as m the mental region No fractures in edentulous patients are 
included in this study Thirteen patients had multiple mandibular 
fractures, in 7 of these an angle fracture was wired, m 5 a fracture at 
or just back of the mental foramen was wnred, and in 1 both angle 
fractures were wured One instance of bilateral winng in a case of 
fracture through the mental foramina is included in the series As 
already stated, 18 cases were the result of war injury, the fractures 
being compound and either comminuted or multiple In 2 cases condv- 
lar fractures wnth displacement were wired 

Six of the forty-eight fractures were simple Postoperative infection 
did not develop m any of these There were ten postoperative infections 
in the remaining forty-two compound fractures wijred Two of these 
were senous, in one case resulbng in osteomyelitis with sequestration, 
and m nonunion in the other One of the other eight infections produced 
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F,g 5 —The position of the i\ ires in the patient referred to in figure 4 is shown 
as of December 1946 Tlie left ascending ramus has been replaced by bone graft 



Fig 6 — A compound fracture of the nght ascending ramus is shown Marked 
displacement of the lateral orbital nm can be seen. The patient ^vas hit over the 
nght malar bone bj the bolt of a nfle after firing Operation was done eight hours 
after injury The postoperative picture, at the right shows the position obtained 
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an abscess involving soft tissue only which had to be drained but caused 
no further damage The remaining seven were minor infections of the 
soft tissue in or near the region of the fracture 

The wires were eventually removed in 5 cases Two were in the 
cases of senous infection and two were removed because of a persistent 
sinus leadmg down to the ^vl^e which promptly healed after removal of 
the wre One set of wires, present in the symphysis /egion, was 
removed months later at the time of doing a buccal inlay graft (original 
injury due to a machine gun hullet) 

Nonunion occurred in 3 cases, 2 already mentioned and the third 
for no obvious reason 

There was 1 death in this series The patient, a soldier, had multiple 
mjunes and died of uremia on the eleventh day after injury No compli- 
cation was present at the site of operation 

Union occurred in the cases without infection in an average of 
forty-four days In cases with infection union occurred in an average of 
fifty-four days The patient in whom osteomyelitis developed should not 


Table 3 — Results 


Death 

1 

Solid tmlon 

M 

Bone grafts 

3 


have been operated on, and today would not be so treated He was 
treated five days after injury His face was markedly swollen and his 
mouth dirty A third molar had to be extracted pnor to operation 
In the 2 cases of condylar fracture wiring was done in order to 
reduce the fracture and to mamtain the position This fracture is one 
of the rare fractures, if not the only fracture, m the body in which little 
or no attempt is made to regain anatomic almement. One of the open 
reductions proved rather simple technically, the other very difficult In 
both cases winng was done through a submandibular incision It was 
felt that the functional result obtamed was no better than that result- 
ing from the usual methods of treatment, so open reductions were 
abandoned While it is true that the immediate result was no better, it 
is impossible to say what the comparable result was years later A 
study of the late results of fractures of the mandibular condylar process 
is an important contnbution that has not as yet, to my knowledge, 
been made 

Four cases of delayed union and 3 of nonumon occurred in this 
senes All 3 nonunions were successfully treated by bone grafting, 
cancellous chips being used Thus, of the forty-eight fractures treated, 
forty-four united satisfactonly 
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The use of interosseous wnng m the treatment of fractures of the 
mandible is of -v-alue m maintaining edentulous fragments in anatomic 
position, in stabilizing a mandible uhen a portion is missing or when 
multiple fractures are present, in maintaining accurate reduction 
of the central fragment when fractures are present in both mental regions, 



Fig 7 — The injurj illustrated was suffered b> a tank officer who was found 
unconscious Ijing part waj out of the turret after night maneuvers just before 
D das It was belies ed that he had been hit by a telephone guy wire Interosseous 
w inng maintained the position of the right fragment Operation ivas done six days 
after injurj The teeth and bone removed are shown 


and IS of questionable value in the treatment of fractures of the condylar 
process Interosseous winng insures obtaining and maintaining a more 
accurate reduction of the fracture than any other applicable method of 
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tlierapy The method should never be used when acute infection is 
present Its use is not contraindicated in compound fractures free of 
clinical signs and symptoms of infection 

DISCUSSION 

Dr. Paul Greeley, Chicago I was pleased to listen to Dr Gordon’s paper 
on open reduction of mandibular fractures I fear, however, that some of our 
dental colleagues would consider this treatment heresy I was glad that his 
position in the British Army was similar to that in the Navy in this country 
We are more pleased vnth the patients whom we treated with open operation 
than with those whom we treated conservatively This also applies to fractures of 
the malar bone The reason that treatment has been more successful m the last 
few years is that we are treating not only tlie fracture but the patient as a whole, 
ivith the aid of the vanous chemotlierapeutic agents 

One thing which Dr Gordon mentioned ^vas the late effect of no treatment of 
condylar fractures I have not seen many late cases but patients who returned 
have come back with pain in the ear and pain m the ear when they chew, simulating 
the temporomandibular syndrome as described by Costen This is relieved by 
resection of the condylar head 

807 Medical Arts Building 



CHEMOTHERAPY IN GAS GANGRENE 

An E)tpcrimental Study 
W A. ALTEMEIER, M.D 
W L FURSTE, MD 

AND 

W R. CULBERTSON, MD 
CINCINKATI 

C onflicting evidence obtained from numerous dimcal and expen- 
mental reports has resulted m considerable confusion regardmg the 
lalue and limitations of chemotherapy m gas gangrene Although 
peniallm has been generally recognized as being more effective than 
the sulfonamide compounds, opimon is still divided as to its real value 
Fisher and his associates,^ who had an opportumty to observe its influ- 
ence on the madence and course of gas gangrene in four hundred and 
thirty-six military wounds characterized by extensive laceration of 
muscle, compound fractures, artenal damage, gross contamination and 
manj retained foreign bodies, concluded that the role of peniallm should 
be tlie prevention of gas gangrene rather than its treatment when already 
established Jeffrey and Thomson ® enthusiastically recommended the 
parenteral administration of peniallm at the time of pnmary debridement 
and for the foUoivmg three to five days Among 28 patients with true 
f,a- cjangrene who were treated in this manner there were 7 deaths, giving 
a mortality of 25 per cent These authors believed that the clinical 
response provided comnncing evidence that peniallm can arrest the 
progressive myositis but that radical surgical intervention is still the 
mam lanor in treatment On the other hand, Cutler and Sandusky* 
concluded that penialhn used prophylactically in wounded and injured 

Frad at the fourth annual meeting of the Central Surgical Association, 
ChKago Feb 22, 1947 

From the Department of Surgery of the University of Cincinnati College 
f Medicine and Cinannati General Hospital This paper is based in part on 
vork done under grants from the National Institute of Health of the United States 
*’’ib'ic Health Semce and the United States Army 

1 Fisher, G H , Florey, M E. Gnmson, T A^ and Williams, P H Pem- 
rd in in Qostndial Infections, Lancet 1 395, 1945 

2 Jeffrej, J S , and Thomson, S Penicillm in Battle Casualties. BnL M T 
I 4, 1944 

3 Cutler. E. C, and Sanduskj, W R Treatment of Clostridial Infections 
with Pcnicilhn, BnL J Surg 32 168, 1945 
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flying personnel did not prevent tire development of gas gangrene and 
that the effect of this agent in modifying the infection could not be 
evaluated on tlie basis of the slight evidence at hand They reported 
on 7 patients with gas gangrene treated both locally and parenterally 
with pemcilhn, 5 of whom had received this therapy immediately after 
primary debridement Their data indicated that proper surgical debride- 
ment IS the major factor in both the prophylaxis and the therapy of gas 
gangrene The experience of Patterson, Keating and Clegg* was 
Similar in that the prophylactic use of penicillin in 8 cases failed to 
prevent the development of this infection Conway,® who reported on 
14 cases of gas gangrene among 4,040 casualties from the Philippine 
Islands, also concluded that penicillin is of no value in the prevention 
of gas gangrene In the therapy of established gas gangrene, penicillin 
has been considered to be the most promising chemotherapeutic agent 
by numerous authors,® but the evidence for this is not clear Meleney ®* 
pomted out that penialhn has been used with Encouraging results but 
only when given in large doses of 50,000 or even 100,000 units every 
two or three hours In the same manner the United States War Depart- 
ment®” recommended 200,000 to 400,000 units per day for effective 

4 Patterson, T C , Keating, C, and Oegg, H W Experiences m the 
Prophylaxis and Treatment of Clostndial Infections in Casualties from the Invasion 
of Europe, BriL J Surg 33 74, 1945 

5 Comvay, H Anaerobic Infection and Gangrene of War Wounds in 
Casualties of the Philippine Islands, Surgery 19 553, 1946 

6 (o) Altemeier, W A Penicillin m Surgery, South M J 37 494, 1944 

(b) Harris, C M , and Leviton, L R. Pemalhn Treatment of Gas Gangrene, 
Am J Surg 69 391, 1945 (c) Herrell, W E Pemcillm and Other Antibiotic 
Agents, Philadelphia, W B Saunders Company, 1945 (d) Jeffrey, J S , and 

Thomson, S Gas Gangrene m Italy A Study of Thirty-Three Cases Treated 
with Pemcilhn, Bnt J Surg 32 159, 1944 (e) Keefer, C S , and Anderson, D G 
PeniciUm in the Treatment of Infccbons, New York, Oxford University Press, 
1945 (/) Kepi, M F , Ochsner, A , and Dixon, J L. Two Cases of Clostndum 
Welchii Infection Treated wth Pemallm, JAMA 126 96 (Sept. 9) 1944 (p) 
Kolmer, J A Penicillin Therapy, Includmg Tyrothncin and Other Antibiotic 

^ Therapy, New York, D Appleton-Century Company, Inc., 1945 (/t) Langley, F H , 
and Wmkelstem, L B Gas Gangrene Study of Nmety-Six Cases Treated in 
Evacuation Hospital, J A M A 128 783 (July 14) 1945 (i) Lockwood, J S , 

in Chnstopher, F Textbook of Surgery, ed 4, Philadelphia, W B Saunders 
Company, 1945 (;) MacLennan, J D, and MacFarlane, M G Treatment of 
Gas Gangrene, Bnt M J 1 683, 1944 (fe) McKmght, W B , Loewenberg, R D , 
and Wnght, V L Pemalhn in Gas Gangrene Report of Successfully Treated 
Case, J A M A. 124 360 (Feb 5) 1944 (/) Meleney, F L , in Christopher, F 
Textbook of Surgery, ed 4, Philadelphia, W B Saunders Company, 1945 (mi) 
Notes on Care of Battle Casualties, United States War Department, Techmcal 
Bulletin (TB Med 147), Washmgton, D C, Government Pnnting Office, March 
1945 Jeffrey and Thomson.* 
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thcnipx On tlie other hand, Odom" felt that penicillin's sole value 
la\ 111 the control of associated secondan' infection, and Conway ® 
belieicd that it was of no lalue in the therapy of established gas gangrene 
in casualties from the Philippine Islands 

Experimental studies have not eliminated the confusion In 1942 
and 1943 :\IcIntosh and Selbie ® found penicillin to be effective m experi- 
iiuntal intcctions produced by the intramuscular injection of 0 1 cc of 
<i s j)cr cent solution of calcium chloride and 0 1 cc of a washed suspen- 
sum of Clostridium welchii prepared from eighteen hour cultures The 
local injection of 34 units of penicillin in 24 mice at the time of the 
bacterial inoculation was followed by survival of 100 per cent of 
the animals When therapy w'as delayed for two hours there was a sur- 
\ ival ot 92 per cent but when it was delayed for three hours there was a 
sur\i\al of only 17 per cent Similar observations were reported by 
Hat. and Hubert'' on expenmental gas gangrene in mice produced by 
the intramuscular inoculation of an umvashed eighteen hour culture of 
( 1 welchii Subcutaneous injections of penicillin in doses of 5 and 500 

< Kinrd units given immediately reduced the mortality from 90 per cent 
in tin controls to 46 per cent and 2 per cent respectively Expenments 
( irru (1 out on a small number of guinea pigs supported the observations 
III ide in the mice 

Likew ise Siebenmann and Plummer found that the local injection 
o' sO units of penicillin w'as effective in mice one hour after infection 
protliKcd In the intramuscular injection of a suspension of Q welchii 
in I ^0 ]it.r cent solution of calcium chloride but ineffective when the 
suiH (lo>e was given in the opposite leg However, when the dose m 
h' loiiinfccted leg was increased fivefold to 250 units, it became nearly 
1 iructne as tlie 50 units injected locally at the site of infection A 
'I lull intruMKius injection of pienicilhn (250 units) was fairly effective 
ivluii iilmuii--tcred one hour after infection but ineffective when given 
i' I ill Iiiai Imurs after infection 

111 ihc (NpcrimeiUs of Dawson, Hobby, Meyer and Chaffee with 
' I ti'hJii' j'rixhued by intramuscular inoculations of guinea pigs with 
• 10 per uiit solution of calcium chlonde and toxin-free suspensions of 

/ Oil Ml 1 I’ Cauccb of i\iTiputation in Battle Casualties with Emphasis on 

iiihr Imur\ ''iirpcr\ 19 562 1946 

^ Milntodi 1 and Selbic F R Combined Action of Antitoxin and Local 
I ’» iiiiiihir ipi on Cl At clchii Infection in Mice, Lancet 2 224, 1943 

'' Hic I R and Hubert A C Peniallm in the Treatment of Experimental 

< li indium \\ elchii Infection Proc Soc Exper Biol & Med 53 61, 1943 

b' xitbcnmann C O , and Plummer, E Chemotherapy and Antitoxin Therapy 
I 1 Mirnmcntal G Welchii Infection in Mice, J Pharmacol & Exper Therap 
83 71 194s 

II Daw'=on M H Hobbj, G L , Mejer, K, and Chaffee, E Penicillin as 
a TlierapciiUc ^pent, \nn Int liled 19 707, 1943 
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Cl welchn, the injection of 666 units of penicillin subcutaneously 
protected all the animals receiving 0 1 cc of a suspension of Cl welchn 
spores (one to tvo minimum lethal doses) but none of those receiving 
0 2 cc 

Dowdy, Sewell and Vincent concluded in 1944 that pemcillm was 
an effective agent in prophylaxis of experimental gas gangrene in 
dogs produced by the standardized injection of a mixture of various 
Clostridia and the Staphylococcus aureus iihich was adjusted to produce 
death in a high percentage of the controls but not an overwhelming 
infection 

No report of the use of streptomycin in established infections 
produced by Cl welchn has been found Robinson, Smith and Graessle 
found that the sensitivity of Cl welchn to streptomycin in vitro was not 
considerable, a concentration of greater than 104 units per cubic centi- 
meter being required for inhibition of growth DeBakey and Pulaski 
have reported the effect of streptomycin on infected wounds, one third 
of which w'ere contaminated by Cl w'elchii, but not in cases of clinical 
gas gangrene 

In all the animal experiments which have been summarized the 
infections were produced by the inoculation of bacterial cultures through 
hypodermic needles into healthy muscle, although in some instances 
calcium chloride w^as used as a local irritant Infections produced under 
such conditions are different from those seen clinically, in which masses 
of devitalized and degenerated tissue are prominent characteristics In 
our opinion, this difference is largely responsible for the discrepancy 
between the obvious effectiveness of penicillin in gas gangrene expen- 
mentally produced and its questionable value in the type occurring 
clinically A method has tlierefore been devised of measuring accurately 
the value and limitations of chemotherapy m standardized experimental 
gas gangrene w'hich is produced m the presence of crushed muscle and 
dirt and which simulates closely the conditions of the clinical type 

MATERIAL 

Gumea pigs weighing 350 to 450 Gm were chosen as the experi- 
mental animals because of their pronounced susceptibility to infection 
ivith Cl welchn which resembles that of human beings Q welchn 
was chosen as the test organism because of its occurrence alone or m 

12 Dowdy, A H , Sewell, R L, and Vincent, J G The Prophylaxis and 
Therapeusis of Clostridial Infections (Gas Gangrene), New York State J Med 
M 1890, 1944 

13 Robinson, H J , Smith, D G, and Graessle, O E Chemotherapeutic 
Properties of Streptomycin, Proc Soc Exper Biol & Med 57 226, 1944 

14 DeBakey, M , and Pulaski, E J An Analysis of the Experience wnth 
Streptomycin Therapy m United States Army Hospitals, Surgery 20 749, 1946 
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.icsociation w itli other bacteria in 56 to 100 per cent of a series of reported 
ci'^es ot gas gangrene'® The ^^rulence of many strains of Cl welchii 
obtained irom a variety of sources including soil, clothing and contam- 
inated or infected vounds was im'estigated by determining the minimal 
lethal dose for tliese animals For most of the strains tested the virulence 
\\ as eitlier relatn ely low or extremely variable A strain of high virulence 
known as BP6K was obtained from Dr Milan Logan, of the department 
of biocheniistr} , but prehminary studies showed tliat the minimum 
lethal dose of this strain also fluctuated widely Cultures which were 
growTi in the pancreatic digest mediums developed by Logan showed 
prolific growth, with much turbidity and formation of gas, and were 
much more virulent than those grown in deep meat broth, brain broth 
or other mediums When incubated for only four and one-half to six 
hours in the pancreatic digest mediums, they produced death in much 
higher dilutions than when incubated for eighteen to twenty-four hours 
In addition it w'as found that weekly passage through pigeons was 
necessary to maintain the virulence at a high level, and this was routinely 
done bi Dr Logan and Dr Tytell It was therefore possible to standard- 
ize the virulence of a strain of Cl welchii at a high level by incubating 
for four and a half to five and a half hours in pancreatic digest medium 
a culture of BP6K passed weekly through a pigeon 

The penicillin used was the commercial sodium salt presently avail- 
able, and the streptomycin used was in the hydrochlonde form Each 
w’as prepared in solution with sterile isotonic solution of sodium chloride 

METHOD 

The infection w as produced by the inoculation of measured quantihes of bactena 
in closed wounds containing crushed muscle and sterilized dirt by the following 
method The skin over the lower part of the back and the posterior lateral aspects 
of the thigh of a guinea pig was prepared by being shaved and scrubbed with soap 
and water for five minutes After the induction of drop ether anesthesia, the pre- 
paration of the operative area was completed by the application of alcohol, ether 
and tincture of iodine A sterile drape containing a hole 1 5 by 1 0 cm was then 
applied to the prepared area It was necessary to take these steps to eliminate or 
mimmize the introduction of Q welchii spores normally resident on the skin or 
hair of the guinea pig is Under aseptic precautions, with the use of gowns, gloves, 
cap and mask, an incision 1 0 cm in length was made through the skin and sub- 
cutaneous Ussues over the midportion of the posterolateral aspect of the nght 
thigh and dev eloped down to and bej ond the femur The muscles on each side of 
the wound were then crushed five times with a Kocher clamp and avulsed by 
twisting the clamp at an angle of 180 degrees Into each wound 0 5 cc (06 Gm.) 
of an autoclaved and finely divnded mixture of soil and cinders was placed The 

n \ltcmcicr, W A, and Furste, W L Gas Gangrene A ' Collective 
Rev lew of the Literature, Surg , Gynec. & Obst , to be published 

16 -Mtcmeicr, W A The Rapid Identification of the Clostridium Welchii in 
Accidental Wounds, Surg, Gjmec &. Obst 78 411, 1944 
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edges of the wound were then closed with interrupted fine black silk sutures to 
minimize leakage of the moculum and subsequent secondary contamination In a 
previous senes of expenments it had been determined that the presence of 
crushed muscle and dirt increased the virulence of Cl welchii one million times 
Senal dilubons of a four and a half to six hour culture of Cl welchii were then 
made to the tenth power, sterile pancreatic digest medium being used as the diluent 
smce this gave more uniform results than isotonic solution of sodium chloride. 
Fmally 0 5 ca of one of the higher dilutions, representmg one or multiples of one 
minimum lethal dose, was injected through the skin into the area of crushed muscle 
and dirt through a 25 gage needle and a tuberculm synnge. The minimum lethal 
dose was considered to be 0 5 cc. of the highest dilution of a culture on a given 
day which killed within four and two-thirds days all the gumea pigs under the 
conditions of the expenment In addition 0 5 cc of all lower dilutions had to kill 
the animal withm the same umt of time 

Six expenments, each involvmg 69 to 75 gumea pigs, were earned out, four 
with peniallin and two wth streptomycin A total of 444 animals were used 
After produebon of the standardized wounds in each expenment, the ammals 
were divided mto three groups of approximately 25 each, one group for controls 
used to establish a mmimum lethal dose for that day imder the condibons of the 
expenment, another for measurement of the chemotherapeutic agent’s prophylactic 
value in a given dose and the third for determination of its therapeutic value. 
Pemallin or streptomycm was given intramuscularly every three hours for ninety- 
six hours after the operabon, the first prophylacbc dose being administered simul- 
taneously with the inoculabon of the bactena into the wound contaming crushed 
muscle and dirt and the first therapeubc injecbon being made six to eight hours 
after inoculabon In order to explore as fully as possible its value, the dose of 
penicillm was vaned in the four expenments, 2,000, 8,000, 32,000 and 96,000 umts 
per kilogram of weight bemg used every tiventy-four hours The dose of strepto- 
mycm was 44 44 and 136 mg per kilogram every twenty-four hours In each 
instance the twenty-four hour dose was divided into eight equal parts and then 
admuustered mtramuscularly every three hours, the two forehmbs and left hmdlimb 
being used alternately No further operabve procedure or other form of treatment 
was used The animals and their wounds were then carefully observed and the 
date of death recorded m each instance. In this manner it was possible to deter- 
nune the minimum lethal dose for that day and to measure accurately the effeebveness 
of the two chemotherapeubc agents in a severe form of experimental gas gangrene 
closely similar to the clmical type The minimum lethal dose vaned between 0 5 cc. 
of a 10~® dilubon and 0 5 cc of a 10"^° dilubon in the vanous expenments 

RESULTS 

Pemctllm Prophylaxis — When a standard dose of 2,000 units of 
pemciUm per kilogram of weight per day was used in animals inoculated 
with one to one thousand minimum lethal doses under the conditions 
described, no measurable effect was evident and all the animals died 
Within two and two-thirds days at a slightly faster rate than liie controls 
(figs 1 and 2) On a basis of units per kilogram, this dose is com- 
parable to 15,000 to 20,000 umts every three hours m an adult human 
bemg When the dose was increased four times to 8,000 units per 
kilogram, a definite beneficial effect was detected, the rate of death 
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being retarded and 16 per cent of the animals surviving at the end of 
four and tvo-thirds dajs In the group of animals receiving 32,000 
units per kilogram or sixteen times the standard dose, the proph 5 dactic 
i-aliie of penialhn became eiident (fig 2) The size and spread of the 
lesion n ere greath diminished and 64 per cent of the animals sunnved 
for the period of four and tt\o-thirds da}s An additional increase in 
the protectue effect of penicillin nas apparent when the dose was 
increased to 96,000 umts per kilogram The control of tlie rate of spread 
ot the infection n as obnous, the lesions being small and often insignificant 
compared mth those m the controls Nineh' per cent of the animals 



96 POO UNITS PSR RiLO PER DAY 

* 92000 UNITS PCR fuLo PSP DAY 

' a<W UNITS PSP NtLO PEP DAY 

♦ tt* z,000 UNITS PEP N/LO PEP DAY 

CONTROLS^ NO PENICILLIN 

Fig I — The progressne prophj lactic effect of increasing doses of penicillin in 
gas gangrene produced expevimentallj in guinea pigs Penialhn therapy \vas 
started immcdiateh 

treated uith tins dose sun'ued for four and two-thirds days even under 
the se\ere challenge of this tj^ie of infection 

PcmciUm Therapy — ^\Vhen the onset of penicillin therapy was 
delai ed for six hours after challenge and when the infection was already 
established, the effectiveness of the drug was decreased There was 
no significant difference between the appearance of the lesion or the 
sunnal rate m the control groups treated mthout penialhn and that 
m the groups receiving the standard dose of 2,000 units per kilogram, 
since all the animals died (fig 3) Doses of 8,000 and 32,000 units 
per kilogram produced some retardation in tlie spread of the infection 
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Fig 2 — A, typical appearance of the expenmental gas gangrene developmg in 
an untreated (control) animal receiving one mmimum lethal dose of Q welchii 
Death occurred in thirty hours after challenge, B, the ineffectiveness of immediate 
liemallm therapy in standard doses for experimental infection produced by one 
minimum lethal dose (0 5 cc of ICh® dilution) of Cl welchii is clearly shown A 
dadj dose of 2,000 units of penicillin per kilogram was used m eight divided mjec- 
tions every three hours , C, showing the effectiveness of immediate penicillin treat- 
ment on expenmental gas gangrene in an animal receiving one thousand mimmum 
lethal doses of Q welchii The infection has been obviously attenuated and kept 
localized by a daily dose of 32,000 units per kilogram in eight divided injections 
every three hours 
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S6000 UNITS PER KILO PER CkM 
3t00C UNITS KILO PSP 

8 000 Units per kilo pep day 

8,000 UNITS PER KILO PER CAY 
CONTROLS - NO penicillin 

Fig 3 — The definite ^nd unquestionable beneficial therapeutic effect of massive 
doses of penicillin on the sur\n\al rate of animals challenged six hours before 




— — IhAL^CDfATE 
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Fig 4- — The proph\ lactic and therapeutic ineffectiveness of streptomycin in 
experimental gas gangrene %\ hen gn en in the moderatelj large dosage of 44 44 mg 
per kilogram per daj 
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and in the rate of death, but less than 10 per cent of the animals sur- 
vived for the four and two-thirds days Massive doses of 96,000 umts 
per kilogram produced an obvious effect on the course of the infection 
The seventy of the infection was diminished, as evidenced by the smaller 
size of the lesions, the better condition of the ammals and the survival 
of 45 per cent of them dunng the four and two-thirds days 

When the period of observation was extended to fourteen days after 
challenge and ten days after cessation of pemcilhn therapy, all the animals 
died but 2 

Streptomycin Prophylaxis — In the group of ammals receiving 
44 44 mg of streptomyan per kilogram every twenty-four hours divided 
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Fig 5 — ^Ineffectiveness of large doses, 136 mg per kilogram per day, of 
streptomycm in the prevenUon or treatment of experimental gas gangrene. 

into doses given every three hours there was no significant difference 
in the severity of the mfection or in the rate of death as compared with 
the occurrence in the control group receivmg no treatment On^y 
12 0 per cent of the treated animals survived for the four and two-thirds 
days When the dose was mcreased to 136 mg per kilogram every 
twenty-four hours, the result was approximately the same (figs 4 
and 5) Observations on the progress of the mfection in the animals 
pnor to their death showed no appreciable difference in the lesions of 
any group All spread swiftly, with the production of discoloration, 
edema and gas in the tissues of the entire thigh, hip and, frequently, 
abdominal wall (fig 6) 
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Strcptomym Therapy —When streptomycin therapy with either 
44 44 mg or 136 mg per kilogram everj' hventj-four hours \vas delayed 
tor SIX to eight hours after inoculation of one to ten thousand minimum 
lethal doses of Cl Melchii, tlie infection, already established, progressed 
thereafter practicall} uninhibited, the treated animals appearing to be 
just as sick as the controls and dying at approximateTy the same rate 
(figs 4 and 5) 



Tig 6 — J fulminating gas gangrene extending over abdommal wall in an 
animal rcccning one hundred minimum lethal doses of Cl welchii who was given 
intenstie and immediate streptorayan therapy m daily amounts of 136 mg per 
kilogram dmded into eight doses given every three hours Death occurred in 
nineteen hour? B, extensive gas gangrene produced by ten minimum lethal doses 
which was unaffected b> similar treatment with streptomycin started eight hours 
after bacterial challenge Death occurred in thirty-five hours 


COMMENT 

An anahsis of these experimental studies explains many of the dis- 
crepancies m the results of chemotherapy m gas gangrene It is obvious 
that the expenmental infection produced in the presence of crushed 
muscle and dirt is considerably different from that produced by the 
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simple injection of bactena with or without local irritants into healthy 
muscle It IS not only much more severe but also mucli more refractive 
to therapy Consequently, chemotherapeutic agents have been made to 
appear much more effective in tlie past than they really are when tested 
against expenmental infections produced by simple injection of bacteria 
In the severer form of gas gangrene in animals peniallin has proved 
to be the chemotherapeutic agent of choice, while streptomycin was found 
to have little or no value It is important to note that penicillin was 
much more effective when used prophylactically than when used in 
infections already established This emphasizes the advisability of 
starting parenteral administration of penicillin as soon after injury as 
possible and before debndement The longer chemotherapy is delayed, 
the more limited the response to it aviU be 

It IS also significant that under the challenge of severe infection 
pemallm had little or no measurable value when used either prophy- 
lactically or therapeutically in average dosage Only when the dose was 
increased sixteen times did its effect prophylactically become obvious, 
and only when it was increased forty-eight times did its therapeutic 
effect become unquestionable This probably explains, at least in part, 
many of the differences in the climcal results which have been obtained 
with penicillin It is realized that this experiment has put penicilhn 
to a most severe test not only because the wounds in which the infection 
was produced contained crushed muscle and dirt but also because they 
were closed with sutures and were not treated subsequently by surgical 
inasion or excision This was done purposely to eliminate the confusing 
effect of any other therapeutic factor It would seem that early and 
adequate surgical treatment should still be considered the most important 
factor in the prevention of clinical gas gangrene and that parenterally 
administered pemallm may be expected to be a valuable therapeutic 
adjunct , 

As demonstrated in these studies, massive doses of penicillin checked 
the invasive qualities of the infection, both retardmg its development 
and limiting its spread under adverse conditions This fact suggests 
tliat the early clinical use of penicillin in large doses up to 1,000,000 
units every three hours will probably have the following effects (1) 
limitation of the invasive qualities of the infection and prolongation of 
the period during which effective surgical procedures short of amputa- 
tion can be done, (2) the possibility of amputation at lower levels, 
resultmg m less mutilating sequelae, when amputation is necessary in 
advanced infections, (3) inhibition not only of the secondary hactenal 
invaders usually susceptible to pemallm but also of many of the organ- 
isms ordinarily resistant to average doses, and (4) marked reduction 
in the mortality 
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SXjMMAR\ 

The effect of penicillin and streptomyan has been carefully measured 
in a series of experimental studies on a severe and standardized form 
of gas gangrene m animals simulating the type which develops clinically 
m man Although streptom}an was found to have no significant thera- 
peutic \alue, penicillin ^^as shown to have a notable beneficial effect on 
the rate of development and the extensiveness of the infection as well 
as on the mortality Since the effect of chemotherapy was greatly 
modified by the time of onset and the size of the dose in these expen- 
ments, it would seem advisable to administer pemcilhn parenterally as 
soon as possible and in conjunction ivith surgical treatment in persons 
with gas gangrene or w'lth w'ounds of the type which predisposes to its 
development and to continue using it thereafter both preoperatively and 
postoperatively in large doses up to 1,000,000 units every three hours 
until the threat of this infection is over 



OSTEOCHONDROSARCOMA OF THE STERNUM 

Use of Tantalum Plate as a Prosthesis 


R ARNOLD GRISWOLD, MD 

LOUISVILLE, KY 

T he metal tantalum has been shown to be inert and well toler- 
ated by body tissues ^ It has been widely used for the repair of 
defects following wounds of the skull sustained in war in the form of tan- 
talum plate.® The matenal is also available and used as tantalum foil and 
tantalum suture matenal ® In the case to be presented a large sheet 
of tantalum 0 0125 mch (0 032 cm ) thick was used as a prosthesis 
after removal of the body of the sternum and a large part of the anterior 
thoraac wall for osteochondrosarcoma onginating in the sternum It 
was hoped that the tantalum plate might serve as a permanent prosthesis 
However, the motion of the thoraac ■wall produced so much bleeding 
from the tissues surrounding the plate that formation of hematoma 
necessitated removal of the plate The plate did, however, serve as a 
■valuable temporary prosthesis to prevent paradoxic respiration and to 
tide the patient over the early postoperative penod 

REPORT OF A CASE 

K. F , a white farmer and laborer aged 41, was admitted to Norton Memorial 
Infirmary on Aug 24, 1946, with the history of a tumor on the antenor surface 
of the sternum. This tumor had been first noticed about eighteen months pre^viously, 
at which time it was about one sixteenth of an mch (0 16 cm ) thick and 2 inches 
(5 cm ) in diameter It was firm, fixed and painless but had grown progressively 
larger, until at the time of the patient’s admission to the hospital it measured 4 
by 6 mches (10 by IS cm.) and projected 3 mchcs (7 6 cm ) from the anterior 
surface of the stefnum, lymg in the midlme and extending from the level of the 
third to the level of the sixth costal cartilage With the exception of frequent 
attacks of dyspnea, the paUent had no other complaints His previous health had 
been excellent He stated that in the course of his work he frequently held an 

From the Department of Surgery, University of Louisville School of 
Medicine. 
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-iiiptr or T brace and bit against his chest General examination of the patient 
‘bowed the phjsical condiuon to be essentially normal with the exception that the 
heart was shifted slightlj to the left and the contour of the chest was deformed 
In the tumor (figs 1 and 2) 

The roentgenologic report b> Dr J C Bell was as follows 

Roentgenograms of the chest and the sternum were made with the patient in 
nrious positions There is an extensive destructive lesion involving tlie middle 
third of the sternum A tumor mass extends posteriorly into the thorax a distance 
of almost 2 inches (5 cm ) and extends upward and downward a distance of almost 
6 inches (15 cm) The same tumor mass extends far antenorlj to the level of 
tin. thoracic wall, where a large tumor mass of soft tissue can be seen, within 



Tig 1 — Anterior view of tliorax 


winch are man) areas of calcification There is definite destruction in the cortex 
of the anterior part of the sternum The changes here are due to the presence of a 
tumor presumably an osteochondroma, which in my opimon may very well have 
iintlcrgonc a sarcomatous change No ewdence of destruction of the ribs is seen 
No <ither abnormalities arc noted (fig 3) 

tJ/'froiieii —On Aug 26, 1946, avith the patient under anesthesia induced bv 
ciidotracbcaJh administered ci clopropanc, ox)gcn and ether, the sternum and 
tumor were exposed through a “T” incision, the cross bar of the "T” being at the 
‘ccond coital cartilage and the acrtical limb extending over the tumor down to 
til xiphoid The skin flaps were reflected laterally away from the presenting 
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mass The jnternal mammary -vessels uere exposed and ligated -with silk in the 
second interspace on both sides Subcutaneous bleeding was controlled by electro- 
coagulation The third, fourth, fifth, sixth and seventh costal cartilages were 
divided 1 inch (2 5 cm ) from the tumor on both sides The sternum was divided 
at the junction of the body and the manubrium The tumor and sternum were 
retracted ventrally and dissected away from the mediastinal structures Both 
pleural spaces were opened Respiration \vzs maintained by intermittent positive 



Fig 2 — Lateral -view of thorax. 


pressure during the time that the chest tv as open. The lower end of the bodj of 
the sternum was detached at the xiphoid Hemostasis was completed by silk 
ligatures and electrocoagulation 

The defect in the bony chest -wall measured approximately 12 5 bj 12 5 cm 
At this time a tantalum plate was cut and fitted to the defect, overlappmg the 
stumps of the costal cartilages, the manubrium and the xiphoid approximately 
0 5 cm Grooves were cut m the xiphoid, the manubrium and the stumps of the 
costal cartilages to allow the plate to be mortised into place under tension 



